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PREFACE. 

L HE occasion which gave rise to this and the 
accompanying Treatises is explained in the fol- 
lowing notice: but the Author of the present 
Treatise thinks it right to add, that, although 
encouraged by the honour of having been re- 
commended by His Grace the Archbishop of 
Canterbury, he should have shrunk from his 
present attempt, had he considered that any 
exact elucidation of the details of science was 
required in the execution of it. 

As, however, the intention of Lord Bridge- 
water, and the very extent and diversified na- 
ture of the subject, seemed to him almost neces- 
sarily to exclude any great exactness of eluci- 
dation, and to require a popular rather than a 
scientific exposition of facts ; and as the whole 
tenour of his pursuits during the last thirty 
years of his life accorded with the character of 
the proposed subject; he the more readily un- 
dertook a task, to the execution of which he 
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could not but look forward with much pleasure. 
And if he should in any instance stimulate the 
reader to examine the question with any por- 
tion of the interest and satisfaction with which 
he has himself examined it, he is confident that 
he shall not have laboured in vain. 

It will be for others to determine whether a 
judicious selection and a sufficiently natural ar- 
rangement of the materials of the following 
Treatise have been adopted : but to those, who 
may think that many of the subjects have been 
treated too cursorily, the Author begs leave to 
point out the extensive range aflTorded by so 
wide a field of inquiry; and the consequent 
necessity of compression in each particular ; the 
subject of this Treatise being in fact an epitome 
of the subjects of almost all the others. He also 
considers it right to state, that it is the imme- 
diate object of the Treatise itself to unfold a train 
of facts, not to maintain an argument ; to give 
a general view of the adaptation of the external 
world to the physical condition of man, not to 
attempt formally to convince the reader that 
this adaptation is a proof either of the existence 
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and omnipotence of the Deity, or of his bene- 
ficence and wisdom ; though undoubtedly it 
is hoped by the writer, as it was intended by 
the munificent individual who originaUy pro- 
posed the general subject of this and the ac- 
companying Treatises, that such a conviction, 
if not already existing, may be produced by 
its perusal. Without questioning, therefore, on 
the present occasion, the intellectual powers or 
the moral motives of those who profess them- 
selves sceptics with respect to either natural or 
revealed religion, the Author addresses himself 
exclusively to those who are believers in both 
the one and the other. With respect indeed to 
a disbelief in the basis of natural religion, lie 
must ever feel assured, as in another place he 
has expressed himself, that, however easy it 
may be to account for the external profession of 
a disbelief in God, the supposition of the exist- 
ence of intellectual atheism involves an intel- 
lectual absurdity^ With respect to the truth of 
Revelation, although the subject of this Treatise 
is not directly connected with that question, he 
would still wish to consider himself as addressing 
those only who with himself believe that the 
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objects which surround us in our present state 
of existence* and which are so obviously in- 
tended to advance the general powers and &- 
culties of Man^ without advancing the powers 
and faculties of any othei" animal, are purposely 
destined to produce an ulterior and higher effect ; 
the nature of which effect is to be learnt from 
the doctrines of Revelation alone. And he has 
thought it right to say thus much on the general 
subject of religion, not merely for the purpose of 
recording his own sentiments ; but that, in pro- 
fessing to address those only who believe in re- 
vealed as well as in natural religion, if on any 
occasion he should assume the truth of Revela- 
tion, he may not be with justice accused of 
taking that for granted, of which the reader 
doubts. 



NOTICE. 
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PHYSICAL CONDITION OF MAN. 



CHAPTER I. 
Introduction. 

SECT. I. 
The Physical Condition of* Man. 

W HEN Hamlet, in contemplating the grandeur 
of creation, breaks forth into that sublime apo- 
strophe on man — " How noble in reason ! how 
" infinite in faculties ! in form and moving, how 
express and admirable ! in action, how like an 
angel ! in apprehension, how like a God ! the 
beauty of the world ! the paragon of ani- 
" mals ! " — ^who does not feel elated by the de- 
scription? who does not feel conscious of its 
truth? 

Nor is its truth the less admissible, because 
the poet, in concentrating the powers of his 
imagination on the excellences of that work of 
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creation which bears the stamp of the Creator's 
image, has omitted to present to our view the 
reverse of the impression, the frailty namely of 
our fallen nature: for although, on moral and 
religious considerations, each individual is bound 
habitually to take the one view in conjunction 
with the other ; in a simply philosophical con- 
templation of human nature we are not pre- 
cluded by any reasonable barrier, from taking 
such a partial view of the subject as the occa- 
sion may suggest. 

In the present instance, indeed, I am strictly 
called upon to consider, not the moral, but tJie 
physical condition. of man: and to examine how 
far tJie state of external nature is adapted to that 
condition; whether we regard the provisions 
made for the supply of man^s wantSy either natural 
or acquired; or those which are mside for the 
exercise of his intellectual faculties. The follow- 
ing treatise naturally, thisrefore, divides itself 
into two parts: in the first of which it is in- 
tended to. investigate and describe the physical 
condition of man ; in the second, the adaptation 
of external nature to that condition. 

But ;a wide field here opens to our view : for 
man cannot, under any circumstances, be con- 
sidered as an insulated being ; or unconnected 
with the rest of animated nature. He is indeed 
but one link; in the great chain of animal crea^ 
tiou ;i)and Jiot only does the contemplation of Im 
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condition lose half its interest, if separated from 
the contemplation of the condition of other ani- 
mals ; but it cannot be satisfactorily investigated 
without that aid. And, again, animal life itself 
is but one among many modes of existence, by 
#hich the Creator has manifested his omnipo- 
tence ; and which it is necessary to contemplate 
in connexion with the general phenomena of 
nature, in order to shew the superiority of that 
province, at the head of which human beings 
have been placed. 

In attempting however to form a just estimate 
of the physical condition of man, we must not 
regard him merely under the aspect of savage 
or uncivilized life, and consider this as his na- 
tural state 2 for it may be presumed that, at the 
present day, such a puerile view of the question 
is not for a moment entertained by any one 
capable of philosophical reflection. In fact, in 
as many different states as man does actually 
exist, civilized or savage, so many are his na- 
tural states. If any indeed could be preemi- 
nently, called his natural state, it would be that 
of civilization: for not only does experience 
shew that his natural tendency is towards such a 
sfote ; but we know, fromi the highest authority, 
that the existence of man is connected with a 
moral end ; (with more indeed than a moral end ; 
since morals have immediately a relation to this 
life only, while man is destined for a future;) 

b2 
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and a moral end is hardly attainable in an un^ 
civilized state of society. 

SECT. II. 
The general Constitution of external Nature. 

The more familiar objects of that external 
world by which man is surrounded are usually 
distributed into three kingdoms, as they are 
called ; the animal^ vegetable^ and mineral : but 
for the purpose of this treatise it will be neces- 
sary to take into our account the phenomena of 
the atmosphere also. 

The atmosphere principally consists of the air 
which we respire ; (a« form of matter so subtle, 
in all its states, as to be invisible ;) together with 
a variable proportion of water ^ of which a part 
is always retained in close combination with the 
air ; and, like the air itself, exists always in an 
invisible state. There are also diffused through 
the atmosphere those still more subtle agents, 
heat and electricity. But all these, though of so 
subtle a substance, are in their occasional effects 
the most powerful agents of nature. For, omit- 
ting the consideration of their silent but wonder- 
ful operation, as exhibited in the process of vege- 
tation, and in many other processes less open to 
observation, let us consider the occasional effects 
of air in the violence of a tornado ; or of water, 
in the inundation of a rapid river : or let us con- 
template the effect of either an indefinite dimi- 
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nntion or ineKase of heat ; on the one hand, the 
natural process of animal decomposition arrested 
by its abstraction, so that the imbedded mam- 
moth remains at this moment in the same state 
that it was four thousand years ago; and in 
which, under the same circumstances, it un- 
doubtedly would be, four thousand or four mil- 
lion years hence ; on the other hand, the possi- 
bility of the dissipation of all the constituent 
parts of matter, or their fixation in the state of 
glass, resulting from the agency of indefinitely 
increased heat: or, lastly, let us consider the 
tremendous effects of condensed electricity in 
the form of lightning : — and we shall necessarily 
acknowledge that though in their usual state the 
constituents of the atmosphere are among the 
most tranquil agents of nature, yet, when their 
power is concentrated, they are the most awfully 
enei^etic. 

In the mineral kingdom the most characteristic 
property of the several species appears to be a 
disposition to a peculiar mode of mutual attrac- 
tion among the particles composing the indivi- 
duals belonging to them ; from which attraction, 
when exerted under the most favourable circimi- 
stances, result that symmetry and regularity of 
form, to which the term crystal has been ap- 
plied. The transparency and degree of hard- 
ness of crystals are various, and depend ^luch 
upon external circumstances. The form is funda- 
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mentally the same for eajch species, though ca*- 
pable of being modified according to known 
laws ; and the substance is chemically the same 
throughout its whole extent. Every atom of a 
crystallized mass of gypsum consists pf water, 
lime, and sulphuric acid, united in the same pror 
portions as are found to exist in the whole mass^ 
or in any given part of it. 

The individuals of the vegetable kingdom differ 
very remarkably from those of the mineral, both 
m form and substance. In their form we see 
nothing like the mathematical precision of crys- 
tallization; and in their substance they differ 
widely, according to the part of the vegetable 
whidi is examined: so that, independently of 
previous knowledge of the species, we could 
hardly discover any natural relaticm between 
the several constituent parts of the individual. 
What is there in the insulated leaf of a rose os 
of a peach tree, that would lead us to expect the 
fruit of the one or the flower of the other? But 
the most remarkable line of distinction b^ween 
vegetables and the individuals of the preceding 
kingdom consists in their mode of increase and 
reproduction. Minerals can only increase, as 
such, by the apposition of particles specifically 
similar to themselves ; and can only be originally 
produced by the immediate combination of their 
constituent elements. But vegetables have an 
apparatus within them, by means of which they 
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can aasimilate llie faetetogeheoiis particles of the 
gtnrroaiuling soti to thAr own naiture ; and they 
have also the powexof psodtieing individuc^ 
specifically the same sb themsdlTes : in common 
language, they axe capaUe of contributing td 
their oym growth, and to the continuation of 
theijr species* And as they produce these effects 
by means of internal oi^ns adapted to the pur- 
pose; they are hence denominated organized 
bodies. 

The individuals of the animal kingdom very 
closdy resemble those of the vegetable in the 
two properties just described. The respective 
organs differ, as we might expect, in their fyrm 
and portion ; but in their fiinctions or mode of 
action, th^e is a strong analogy, and even simi^ 
larity , throughout^ But animals differ from vege-* 
tables more remarkably than these do from ev^i^ 
unorganized form of matter, in being endued 
with sensation and volition; properties which 
extend .the sphere of their relations to such a 
degree, as to raise them immeasurably above 
all other forms of matter in the scale of ex- 
ist^ice. 

In distributing the individuals of the material 
world among diese four kingdoms of nature, 
there occaisionally prevails considerable ob- 
scurity, not only with respect to the true place 
which an individual ought to occupy in the 
scale of a particular kingdom; but even with 
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respect to the question, und^ which of the foor 
kingdoms it ought to be arranged; this ob- 
scurity arising of course from the points of re- 
semblance apparently balancing, or more than 
balancing, the points of difference. Let us for 
instance, in the atmospherical kingdom, take a 
fragment of a perfectly transparent crystal of 
pure ice ; and, under ordinary circumstances, it 
would be diflScult, either by the sight or the 
touch, to distinguish it from a fragment of trans- 
parent quartz, or rock crystal : indeed the trans- 
fer of the original term /cpvo-raAAo^, from the one 
to the other, shews the close resemblance of the 
two. Some minerals again so nearly resemble 
vegetables in form, as to have given rise to spe- 
cific terms of appellation, derived from the vege- 
table kingdom ; ^^flosferri, mineral agaric^ &c. 
And, lastly, many of the animals called sea-ane- 
mones so far resemble the flower called by the 
same name, that their real character is at first 
very doubtful to those who are unacquainted 
with the animals of that genus. But, omitting 
these rare and equivocal instances, and avoiding 
the confinement of abstract definitions, we may 
si^ly affirm that, of all the kingdoms of nature, 
the individuals of the animal kingdom have the 
most extensive and impoi^tant relations to the 
surrounding universe. And I need not here in- 
sist on the obvious inf^^ice, that if among the 
kingdoms of nature animals hold the first rank, 
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in consequence of the importance of these rela* 
tions, among animals themsdves the first rank 
must be assigned to man. 



CHAP. II. 
The Physical Character of Man. 

SECT. I. 

The Physical Character of Man^ compared with that of 

other Animals, 

Although, when viewed in the aggregate 
of his faculties, moral as well as physical, man 
confessedly holds the first rank among animals ; 
yet, if we exclude from our consideration those 
intellectual powers and moral qualities by which 
he is essentially characterized, and confine omr 
yisem to his mere animal nature, we find that he 
scarcely differs in any important point firom any 
of the species of the higher classes. In each 
th^*e.is the same necessity for air, and sleep, 
and food ; and the nature of the food and the 
mode of its digestion are not materially dif- 
ferent : the nutrient fluid extracted by the pro- 
cess of digestion is converted into blood of the 
same character, and distributed in the same 
manner through the system: the constituait 
parts of the body and their mode of growth are 
almost precisely the same ; for the bone, musde, 
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tendon^ skiir, hauv and brain of the faorae, or 
deei, or tiger, cur bear, scarcely differ in their 
physical or chemical charsucters fnmi the corre- 
spondent parts in man : similar secretions, as the 
bile, tears, and saliva, are separated by similarly 
constructed organs; and similar parts become 
similarly diseased : the special senses of sight, 
hearing, taste, and smell, are exercised through 
the medium of similar organs, simply modified 
according to the particular wants of individual 
species : the sources of mere bodily pain or plea- 
sure are generally the same : the instinctive af- 
fections, passions, and propensities are the same, 
and are manifested in the same way ; the angry 
look of a dog, for instance, bespeaking the interr* 
nal feeling as stron^y as that of the man ; and 
the playful and rapid movements of the young 
puppy resembUng the carel^s hilarity of child- 
hood, no less than the stayed motions and wary 
eye of the aged hound resemble the sedateness 
of the aged human being. 

Probably, however, it would be nearer the 
truth, were we to say that man, if divested of his 
intellectual powers, and endued merely with his 
animal nature, would be inferior to the brutes ; 
for, possessing, a^ is the case, very few of the 
prospective or preservative instincts, he would 
be unable, without the aid of his intellectual 
powers, to provide for some of his most impe- 
rious wants. 
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But we may go eyen further than this. Let 
us suppose^ for instance, a community of human 
indiyiduals, who, though not gifted with a suffi- 
cient degree of intellectual powers to instruct 
others, or improve themselves, were yet endued 
with them to a degree sufficient to render them, 
if the opportunity oflfered, docile to a certain ex- 
tent, and capable of executing many of the com- 
mon offices of life ; (and what town or village 
does not present to our observation individual 
instances of such unhappy shadows of human 
nature?) how ccmld a ccwnmunity like this exist; 
in which, though all, by the terms of the suppo- 
sition, were capable of learning something, yet 
none would be capable of teaching any thing ? 
of what use under these circumstances would be 
that '^ instrument of instruments" the human 
hand, where there was no presiding mind to 
direct its movements ? And, with respect to that 
wonderful auxiliary of the human powers, how 
incorrect is the reflection of those who have as- 
serted that men are superior to brutes, only be- 
cause they possess this instrument: and how 
truly philosophical is the opposite reflection, 
that man is not superior to other animals be- 
cause he possesses this instrument; but he is 
provided with such an instrument precisely be- 
cause he is already superior to all other animals. 
And the converse is equally true, that, with in- 
tellectual powers of even a higher order than 
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those which they already possess, human beings 
could not liye in a state of society, could hardly 
indeed exist in any state, unless furnished with 
such an instrument as the hand. 

SECT. II. 

Differences in the Form of ike Infcmt afid of the Adult; 
particularly with reference to the Spine. 

And yet, notwithstanding the confessed supe- 
riority of man, if we view him only in the in- 
fancy of his individual existence, what is th^e 
that is calculated to give an earnest of his future 
vigour and activity, either with respect to bodily 
or mental powers ; and what are all the advan- 
tages of the external world to a creature so ut- 
terly helpless, so utterly incapable of using or 
even passively enjoying them ? In fact, with the 
exception of a very few instinctive rather than, 
voluntary acts, such as that of deriving its nutri- 
ment from the mother's breast, the infant is, from 
the feebleness of its powers, incapable of eflSci^it 
exertion ; and depends entirely on the assistance 
of those around it.^ 

The physical differences, observable in com- 
paring the structure of the infant with that of the 
adult, which enable the one to execute many 
operations of which the other is incapable, exist 
to a certain extent in every part of the body ; 
but are perhaps more remarkable in the spine 
than in any other part: and the spine there- 
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fore may be selected as a fit term oi com- 
p^^rison. 

In considering the office of the adult spine, 
with a view to the present subject, we find that 
great strength, combined with great flexibility, 
is particularly requisite. With reference to 
strength, the pyramidal form of this natural 
column is obviously conducive to the purpose 
intended ; and the arrangement of the solid mat- 
ter, of which it is composed, is such as to contri- 
bute to the same effect ; for that solid matter, in- 
stead of being collected into one compact mass, 
is difiused in such a manner as to resemble the 
structure of sponge ; and it is well known, with 
r^erence to the strength of artificial columns, 
that, the same quantity of matter being given 
for each, and their height being the same, those 
columns which are hollow are stronger than those 
which are solid. Again, the whole column is 
made up of numerous parts, called vertebrae, 
which are so firmly bound together as to lessen 
the chance of being broken in the act of bend- 
ing ; and these vertebrae being applied to each 
other, throughout, by broad horizontal surfaces, 
are thus best calculated to support the perpen- 
dicular pressure of the superincumbent parts. 
The effect of general strength is further accom- 
plished by the mutual locking in of the project- 
ing portions, or processes, of the several verte- 
brae ; and the same effect is accomplished to an 
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additional extent amcmg those rertebrs^ which 
belong to the thorax or chest, by the mode of ar- 
ticidation between them and the ribs ; each rib 
being united, not entirely to a single vertebra, 
but partially to two contiguous vertebrae, near 
their line of junction. 

The flexibility of the spine is secured to the 
utmost requisite extent^ by the great number of 
articulations or joints which it possesses, amount- 
ing to more than twenty ; as well as by the elas- 
ticity of the substance constituting those joints : 
and the proiecting parts or processes of the se* 
veral yer^bk ^ch serve for the insertion of 
the muscles and tendons which are to move Om 
whole, are differently disposed in the neck, the 
back, and the loins ; so as to be accommodated to 
the degree and kind of motion required in each : 
thus the vertebrae of the neck admit of a lateral 
motion to a greater extent than those of the 
back ; and the vertebrae of the back admit <i£ 
flexion and extension to a greater degree than 
those of the neck ; while the vertebrae of the 
loins, being intended for support rather tiian 
flexibilitjs have their processes so distributed, 
as to contribute principally to the former of 
those effects. 

Thus far we have considered the conditions of 
the adult spine, and have Beexi that they are cal- 
culated most admirably both for flexibility and 
for strength. Let us now examine the same eo- 
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Ivmn in the age <^ early ^in&ney ; aiid her4^ we 
shall see V that, a^lthough st that period the parts, 
in vrhich thexcmditions ofcStrength and flexibility 
i^re so remarkably developed in the adult state, 
are not yet formed, or not completed; those 
parts which are essential to the security of the 
life of the individual are nearly in as perfect a 
state as at the age of manhood : so that in the 
iq^dst of the most decided marks of weakness 
axid imperfection in the rest of the colmnn, th^e 
is an extraordinary instance of strength and per- 
fect growth, in pa^ecisely that part of it which 
could not have been left in an incomplete state, 
withottt manifest, immediate, and conirtant dan- 
ger to the individual. In other words, the bodies 
and processes of the several vertebrae on which 
the strength and flexibility of the spine depend, 
aare in early infancy still in a soft or cartilaginous 
Sft^te ; while the annular pcwrtions, which with 
their intervening ligaments constitute the spinal 
canal, are completely ossified ; so as to give as 
great a d^ree of security to the spiiial marrow 
ad at tlie age of manhood. 

Nor need we spend much time in »8Certai«ing 
the final cause of this remarkable difference. Is 
it not indeed obvious on a moment's reflection, 
that the very helplessness and imperfect state of 
the physical powers in infancy, so ill understood 
and appreciated, though so beautifully described 
by Lu<»t!etius, ccmtribute to the fuller develope- 
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ment of the moral character, not only of the in- 
dividual, but of his parents also, and of all his 
immediate ccmnexions. The mutual affection, 
for instance, that takes place and is cemented 
between the infant and its mother, during the 
lengthened period in which the latter nurses her 
offspring; the stimulus, which is given to the 
exertions of the other parent in supplying the 
increasing wants of those who depend on him 
for support ; and the general feeling and expres- 
sion of good-will and attachment, which bind 
together the numerous individuals of the same 
family ; all coincide to increase the sum of hu- 
man happiness and virtue. Whereas, were the 
infant bom with all its powers complete, and 
capable of exerting those powers as soon ag 
bom, independently of the assistance of parent, 
or sister, or brother; what would then remain 
of those endearing relations, but the empty 
name ? 

How incorrect then is the conclusion of the 
poet in that otherwise most beautiful passage of 
his poem ! " The new-bom babe, which, like the 
" shipwrecked mariner, lies prostrate on the 
" ground, naked and destitute of every assist- 
" ance required for the support of life, pierces 
" the surrounding air with its incessant cries ; 
" as if foreseeing the long train of miseries which 
" it must hereafter encounter. And yet the ten- 
^^ der foal and lamb not only begin to crop the 
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grass, but play about the mother almost as 
soon as bom. The nurse's soothing lullaby is 
not wanted by th<em, nor the excitement of the 
rattle or of any other toy : nor do they require 
a chsoige of dress^ accommodated to the chang- 
ing temperaitrure of the surrounding atmo- 
^ sphere; nor arms for their defence, nor walled 
cities for. thmr protection ; kind nature sup- 
plying to theift in bountiful pro&sion what- 
" ever is necessary to satisfy their wants *." As 
if it might not have been reasonably and safely 
concludedv that that same power, (call it ^' nature," 
or by a»y other name,) which provided so amply 
fiw? the early wants of the lower species of ani- 
mals, had scMHe good and special reason for 
leaving the human infant in a temporary state 
of helpless weakness. ^ 

A Turn porro Pua*, ut seevis jirojectud ab undis 

Navita^ nudus humi jacet^ infans^ indigus omni 

Vital! auxilio, cum primum in luminis oras 

Nixibus ex alvo matris natura profudit ; 

Vagit^que locum lugubri coihplet, ut sequum 'st, 

Cui tantum in vita restet transire malorum. 

At variae crescunt Pecudes, Annenta, Fer«que ; 

Nee crepitacula eis opu' sunt^ nee cuiquam adhibenda 'st 

Almse nutricis blanda atque infraeta loquela : 

Nfec variaft qUfienint Vesteis pro tempore Coeli; 

Denique non Annis opus est^ non Mcenibus alti8> 

Queis sua tutentur^ quando omnibus omnia large 

Tellus ipsa parity naturaque daedala renim. 

Lib. V. 223—235. 
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SECT. III. 

Physical Superiority ofMan^ on what Principle to be 

estimated. 

From this helplessness in his early years, and 
from the occasional inferiority of some of his 
physical organs to the corresponding organs of 
brutes, it has sometimes been absurdly asked 
what claim man has, from his physical structure 
or powers, to be placed first in the scale of ani- 
mal beings. His strength, what is it to that of 
the elephant or of the horse, or even of some 
species of reptiles or fish ? his powers of sight 
and motion, what are they to those of the bird ? 
his sense of odours, to that of the dog ? his touch, 
to that of the spider ? 

And yet, even if we entirely omit the con- 
sideration of the soul, that immaterial and im- 
mortal principle which is for a time united to 
his body, and view him only in his merely ani- 
mal character, man is still the most excellent of 
animals. How confined are the powers of other 
animals, considered generally, when compared 
with those of the human species. The comb of 
the bee indeed is in its construction wonderful ; 
and so is even the nest of the bird, or the habi- 
tation of the beaver: but these animals could 
never be taught to fabricate, or to use, the sim- 
plest of those machines or instruments, which 
man, even in a very partially civilized state, is 
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in the daily habit of making and employing: 
much less could they be taught to perform those 
complicated operations which result from their 
employment. 

But, it may perhaps be said, it is the mind, 
the intellectual power of man, which enables 
him to produce the eflfects in question. His 
mind indeed enables him to conceive the plan 
of those operations which he executes, but it 
does no more : and were his form deficient by 
one of the smallest of its present members, he 
would be rendered nearly helpless. Take from 
his hand but one of the fingers, and he could do 
nothing. It is the human hand which gives the 
power of execution to the human mind ; and it 
is the relative position of one of the fingers to 
the other four, which principally stamps the 
character of the hand ; for the thumb, by its 
capability of being brought into opposition with 
each of the other fingers, enables the hand to 
adapt itself to every shape; and gives it that 
complete dominion which it possesses over the 
various forms of matter^. 

Give all the intelligence therefore that you 
please to the horse, or to the elephant, yet with 
hoofs instead of hands it is physically impos- 
sible that they could construct the simplest in- 

^ The term poltroon, if not of fancied etymology, (poUice 
truncatus,) verifies this statement ; the Roman soldier who had 
been deprived of his thumb, being deemed unfit for service. 

c2 
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stfameiit: nor could the orgaais even oE the 
beaver, were that ammal gifted with the highiest 
intellectual powers, enable it to effect much mote 
than it is capable of eflTecting at present. 

Man then is in every sense superior, in organ- 
ization aa well as ia kabtellectual powers, to att 
oftker aiiimrib ; and the degree of resembtance 
to» him, as thns superior, is the main principle of 
classification adopted at the present day: and) 
upon the whole il will be found that, m propor^ 
tion, as the powers and relations, of ammaJs ar^ 
extensive, their structure resembles that of man*. 
And, with respect to the degrees of this resemr 
blance, it may be observed . that occasionally it 
is so strong, as to constitute all but identity o£ 
ferm, as in some of the quadrumanous aniinala^ 
oir apes ; while* in others it is so faisibt, as to r^oir 
der it questionable whether we are viewing an) 
animate or inanimate body, as m several var 
rieties of sponge. It is evident thaik the stabilil^ 
of the principle of claseofication, now described, 
depends on the permanency of the specific fosm 
of animals : and it will be found that nature hB» 
guarded this point in so sacred a manner, that 
aftev the lapse of thousands of years, the iden* 
tity of the species may be not only traced, but 
demonstrated, when nothing but the almost 
mouldering bones of the individual remain. 
Rut this subject will be considered more at 
large hereafter. 



As then, iu esdttiating die moral or inteUectoal 
charaicters o£ particular men, we are not influx- 
enced by the consideration of insulated defecto 
Or e!Koellences, but of the aggregate powws and 
<(|ualities of the indiyidual; so^ in comparing 
dthe^ animals with man, we ought not to affirm 
that they approach nea:rer to the standard of hi« 
perfection in propcnrtion as they ap{Mroacfa nearer 
to him in the structure of this or that part, ar in 
the devdiopement of particular powers or quali* 
ties; but in proportion to that approximation 
which results from tiie balance of their structure 
and powca^ considered collectively. And on this 
principle, however nearly a few of them nmy re- 
semble him, tihey never can approach even the 
confines of an equality of nature; whatever 
some speculative individuals have presumptu- 
ously supposed, or others in their simplicity 
haVe feared. Thus the resemblance to the hu- 
man form, as well internally as externally, is so 
ft^narkable in particular species of the ape, that 
while some philosophers (who however pro- 
ceeded without a knowledge or a due considera- 
tion of the true principles of the science con- 
cerned in their reasonings) have maintained 
that the ape and man are but varieties of the 
same species, or at most but different species of 
Ae same genus ; others, with an unnecessary 
anxiety, have laboured to vindicate the supposed 
ifisnlt thus offered to the dignity of human na- 

c3 
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ture, by searching for some fixed and invariable 
difierence in the structure of corresponding parts 
of each. 

But the question is puerile: for let us even 
suppose that the whole and every part of the 
structure of the ape were the same as that of 
man; let every bone, and every muscle, and 
every fibre of the one correspond exactly with 
those of the other, not only in form and situa- 
tion, but also in size and proportion ; let the brain 
itself, that tangible instrument of the intellectual 
powers, be in structure the counterpart of the 
human ; yet, unless in its functions it resembled 
that of man, in other words, unless there were 
associated with it his intellectual peculiarities 
and the moral and religious sense, to what dread- 
ed conclusion would the closest resemblances 
lead? However near the approximation in their 
form, in their nature there must ever be an ifai- 
measurable distance between the two. The ape, 
compared with man, may indeed be among other 
animals " proximus huic :" still however it must 
be added, " longo sed proximus intervallo." 

SECT. IV. 

Early and gradual Developement of the intellectual 

Faculties of Man. 

^ The helplessness of infancy then is but tem- 
porary : and a new scene soon opens to the con- 
templation of those who have sufficient opportu- 
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nities of watching the developement of the human 
character : for, long as is the period, compared 
with the natural term of his own life, and longer 
still, compared with the corresponding period in 
the life of other animals, before man attains the 
full stature of his mind as well as of his body ; 
he at a very early season begins to manifest the 
superiority of his intellectual nature: he very 
soon begins to collect those materials for future 
use, which, though he will never hereafter be 
able to call to mind the moment or the circum- 
dances of their accession, he will use as effectu- 
ally as if he had originally acquired them by in- 
dustrious and direct attention. 

It does not fall within the intention of this 
treatise to attempt to ascertain the period when 
the first dawn of intelligence enlightens the 
countenance of the infant; but, undoubtedly, 
among its earliest beams are those expressive 
smiles, which, although they are occasioned by 
the aspect of the mother, and are perhaps only 
connected with the expectation of an animal 
pleasure, namely the simple enjoyment of nou- 
rishment, yet are soon elicited by other indi- 
viduals also, who may understand how to win 
the attention, and amuse the faculties of the in- 
fant mind. 

It seems as if there were implanted in the 
ymmg of all animals, of the higher orders, an 
instinctive prop^isity to those actions which are 

c4 
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* 

naturally determined by thi^ BpecifiLc form vhen 
fully developed ; in order perhaps, among otlim 
{Htrposes, to give occasion for that exercise of the 
IsDibs which is necessary to the health <^ the in- 
dividual. Hence the young ram couches hk 
head, and tilts at his adversary^ long befcu'e hm 
horns have appeared ; and the young pheasa»t 
asksails his antagonist with his projected legs, 
long b^re his spurs have begun to bud* And, 
following this analogy, may we not reasonably 
suppose that tbe sports of childhood have a nar 
tural tendency to {prefigure the occupations of 
manhood ; and that by the exteni^on of the same 
principle, independently of the impulse given by 
systematic education, or spontaneous imitation 
of their parents and others, there are instinctrre 
differences in the amusements of children of dif-* 
ferent temperaments, connected with their futuw 
destinations in life ? Thus while the boy is en- 
gaged in the mimicry of military parade or 
equestrian exercises, the girl dey(Mtes her time 
to more feminine occupations, and busies herself 
in acting the various duties which her nursery 
or household will hereafter require. The re- 
corded attempt to conceal Achilles in female 
attire, wh^ber founded in fact, or, as is pro- 
bable, merely a fictitious anecdote, will serve 
to illustrate the present point ; inamnuch as 
the use of the means, said to have been em^ 
ployed by Ulysses to detect the hero, wb» evi- 
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daatly M^ested by the prmdple just now ad- 

At tbh early period <if life then, the judgment 
being not sufl&ciently matured for deeper obser- 
vatioR, the mind m satisfied with a view of the 
f<»rm and surface of objects presented to it ; with 
iheir anatomy, as it were, rather than with their 
physiology: but, in the mean time, it is thus 
acquainting itself undifitractedly with those sen- 
sible qualities, with which it must necessarily be 
familiar before it can proceed to reason on causes 
and relations. And although it may appear at 
first -view that a very disproportionately long 
period of our life is devoted to the mere exercise 
q£ the senses, it is yet highly probable that im- 
portant mental operations may be ^multane- 
oudy going on, though we are at the time un- 
conscious of them : for something analogous is 
ol»ervable throughout the whole course of our 
existence. How few there are, for instance, who, 
at any period of life, can call to mind a tenth 
part of what they have even recently heard or 
observed. And if this may be correctly affirmed 
of the adult age of life, and of those individuals 
whose original powers of mind are great, how 
much more strongly will it apply to those whose 
oi^^al powers of mind are not above the com- 
mon standard, or not yet matured by age. So 
that there can be very little doubt that the gene- 
ral principles and rules, which regulate the rea- 
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soning and conduct of men on ordinary occa- 
sions, have been originally deduced by each 
individual from much of what has been long 
forgotten. 

It has been asserted by persons^, whose in- 
tellectual powers were of the highest order, and 
whose industry was as remarkable as their abili- 
ties, that more than six or eight hours in each 
day could not be employed effectively by the 
generality of young men for the purpose of men- 
tal improvement. If this however be the case, 
and as a general position it probably is not very 
far from the truth, in vain does the ambitious 
student rob nature of that sleep which Provi- 
dence has made necessary for the renovation of 
the exhausted powers of our mind, as well as of 
our body ; and in vain also does he attempt to 
combine simultaneously the efforts of mental at- 
tention with bodily exercise, or to pursue his 
severer studies during the hour of meals: in 
both which cases, they, who adopt the custom, 
not only err in employing too continuous an ap- 
plication of the powers of the mind ; but in im- 
peding to a certain and often very inconvenient 
degree the process of natural respiration ; and, 
consequently, of other functions of the body, 
particularly of digestion. How main a point 

c Lord chief justice Hale ; (see Boswell's Life of Johnson, 
vol. ii. p. 511, 4to. London, 1791;) not to mention living au- 
thorities. 
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ought it to be therefore with those who superin- 
tend the education of young persons, to avoid 
the application of too great a strain on the natu- 
ral spring of the intellectual powers. 

It is questionable whether at any period of life 
the correspondence between the external world 
and the sensitive and intellectual faculties of 
man, is so rapid, so vivid, and so effectual, as 
during that space which is intermediate to in- 
fancy and adolescence : and this fact, if it be so, 
may be explained by that principle of our na- 
ture, on which depends the love of novelty; 
namely, that susceptibility of the nerves which 
makes them capable of being stimulated more 
vehemently by new, than by accustomed im- 
piressions : for certainly this principle is likely 
to be more exercised in proportion as we are 
nearer the period of infancy; since every im- 
pression is then either absolutely new, or has not 
yet rendered the nerves dull by too frequent a 
repetition of its application. Another happy in- 
stance of the harmony that exists between the 
nature of man and the external world, is the 
readiness and confidence with which at this 
early period of life the impressions of sense are 
received. Where all is new, and therefore equally 
matter of wonder, there is yet no room for doubt. 
Nature teaches the mind to receive every thing 
without distrust, and to rely implicitly on those 
inlets to knowledge, the impressions of sense. 
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widch are desdned to be its only guides in the 
first years of life. Scepticism fe not the tendency 
of childhood : and perhaps it is with reference 
to the analogy between the eye of faith and the 
eye of sense at this early period <rf life, that our 
Saviour pronounces a blessing upon those who 
receive the evidences of our religion with the 
simplicity of little children. 



CHAP. III. 

On the Powers of the human Hcmdj considered 

as a corporeal Organ. 

At length however, having passed the pre- 
paratory discipline both of natural and of pa- 
rental education, and having arrived at the ma- 
turity of his powers, man is fitted to exercise his 
empire over the external world. 

But before we consider the character of the 
materials provided for the supply of his various 
wants, or for the exercise of his intellectual fa- 
culties, let us examine more closely than hitherto 
the condition of those corporeal organs, by the 
agency of which he is enabled to produce the 
results intended. 

There can be no doubt that th()se organs are, 
if not exclusively, at least preeminently, the 
brain and the hand: of the latter of which, 
not only are the uses of the sev^eral parts and 
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^f tbe whde msAe {Nracticajly maoifest every 
moment of ouat Ures ; but its antecedent capa* 
bilities axe- so open to the investigating eye 
c^ reason, as to afford one of the readiest sub- 
jects of physical demonstration. And although, 
with respect to the birain, we not only have no 
satisfactcHy evidence, but cannot even form a 
^?dbable con^ectuare, of the use or mode of ac- 
tioi^ of any particular part ; y^t we cannot doubt 
that it is the instrument by which our intel- 
lectual powers hold communion with external 
nature. I shall dedicate therefore this and the 
ioitiowi!^ cfaapteo to tiie consideraticai. ^f the 
genesah history of these organs. 

It would be an invasion of the province of 
otheBS to gvv^e an anatomical description of the 
several constituent parts- of the human hand : 
but m saykig tiiat its adaptaldon to the various 
purposes^ to whiek it is apf licable is so open to 
the: investigating eye of season^ as to aiffibrd one 
o£ the readiest subjects of phy^cal demonatm- 
tionv a tacit reference wa& made to that remark- 
able part of the writings of Galen, in which he 
^i^patiates^ upon the capabilities of this wonder- 
ful instrument : and that that extraoiKlinary 
wyitep could hardly have selected a better sub- 
ject, for the exercise of his powers in intellectual 
analy^s, wiU be readily granted on a perusal of 
the £[dliowii\g passages ; provided they correctly 
represent the spirit of the original. 
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In that portion of his works which bears this 
title, " On the Use of the various Parts of the 
Body," after haying defined what is to be un- 
derstood by the term party or member ^ as applied 
to an animal body, Galen proceeds in the fol- 
lowing manner ^ : *' But all these parts of the 
body were made for the use of the soul, that 
sentient and intelligent principle which ani- 
mates the body, and of which the body is 
merely the organ; and on this account the 
component parts of animals differ according 
to the nature of this principle : for some ani- 
mals are bold and fierce ; others are timid and 
gentle : some are gregarious, and cooperate for 
their mutual sustenance and defence; others 
are solitary, and avoid the society of their fel- 
lows : but all have a form or body accommo- 
dated to their natural dispositions and habits. 
Thus the lion has powerful fangs and claws ; 
the hare has swiftness of foot, but in other 
points is defenceless. And the fitness of this 
arrangement is obvious: for those weapons 
with which the lion is furnished are as appro- 
priate to his nature, as they would be useless 
to the timid hare; whose safety, depending 
entirely on flight, requires that swiftness of 
foot for which she is so remarkable. But to 
man, the only animal that partakes of divine 
intelligence, the Creator has given, in lieu of 

d Lib. I. cap. 2. 
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" every other natural weapon or organ of de- 
" fence, that instrument, the hand; an instru- 
" ment applicable to every art and occasion, as 
** well of peace as of war. Man therefore wants 
" not a hoof, or horn, or any other natural wea- 
" pon ; inasmuch as he is able with his hand to 
" grasp a much more effective weapon, the sword 
" or spear. Besides which, natural weapons can 
" be employed only in close conflict ; while some 
" of the weapons employed by man, as javelins 
** or arrows, are even more effectual at a distance. 
" And, again, though man may be inferior to 
" the lion in swiftness, yet by his dexterity and 
" skill he breaks in to his use a still swifter ani- 
" mal, the horse ; mounted on whose back he 
" can escape from or piu^ue the lion, or attack 
" him at every advantage. He is enabled more- 
" over by means of this instrument to clothe 
" himself with armour of various kinds, or to en- 
" trench himself within . camps or fenced cities. 
" Whereas were his hand$ encumbered with any 
" natural armour, he would be unable to employ 
" them for the fabrication of those instruments 
and means, which give him such a decided 
advantage over all the other animals of cre- 
" ation. 

" Nor have we yet enumerated the most im- 
portant of those privileges which the hand im- 
parts to man. With this he weaves the gar- 
" ment that protects him from the summer's 
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'' heat, or wmtes's ccdd ;. with this he forms the 
^^ "v^airioua furniture €i nets and snares, which give 
^' him^ dominion oyer the inhabitants as well of 
'^ the wa^v as of the air and eaxth ; with his 
" hand he constructs the lyre and lute, and the 
" nuitteroim instruments employed in the several 
" arts of life ; with the hamd he erects altars and 
" brines to the immortal gods ; and, lastly, by 
^^ meai2S of the same instrument he bequeaths to 
" posterity, in writing, the intellectual treasures 
" of his own divine imagination : and hence we, 
wha are living a* this day, are enabled to hold 
converse with Plato and Aristotle, and all the 
venerable sages of antiquity," 
In reasoning on; the utility of the hand, as 
charactmstic of t&e human species, Galen thus 
expresses hin^elf ® :* " Man being naturally de- 
" stitute of corporeal weapons, as also of any 
" instinctive art, has received a compensation, 
first in the gift of that peculiar instrumj^itthe 
handi^ secondly in the gift of reason; by the 
employment of which two gifts he arms and 
protecte his body in every mode, and adorns 
his mind with the knowledge of every art. 
" For since, had he been furnished with any 
" natural weapon, he would have possessed ihe 
" use of this alone qn all occasions ; or had he 
" been gifted with any instinctive art, he would 
" never have attained to the exercise of other 

c Lib. L cap. 4. 
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arts ; hence he was created destitute of those 
insulated and individual means and arts, which 
characterize oilier animals ; inasmuch as it is 
manifestly preferable to have the power of 
making use of various means and various arts. 
Rightly, therefore, has Aristotle defined the 
hand to be the instrument antecedent to, or 
productive of, all other instruments : and 
rightly might we, in imitation of Aristotle, de- 
fine reason, as opposed to instinct, to be the 
art antecedent to, or productive of, all other 
arts. For as the hand, though itself no par- 
ticular organ, is yet capable of being adapted 
to all other organs, and is consequently ante- 
cedent to them ; so reason; though itself no 
particular art, is yet capable of comprehend- 
ing and applying all ; and may therefore be 
considered as an art antecedent to all others. 
Thus man alone, of all animals, possessing in 
his soul this general and original capacity, is 
justly endued in his body with this general 
and original instrument." 
" ^Let us then scrutinize this member of our 
body ; and inquire, not simply whether it be 
in itself useful for all the purposes of life, and 
adapted to«an animal endued with the highest 
intelligence ; but whether its entire structure 
be not such, that it could not be improved by 
any conceivable alteration. . 

^ Lib. i. cap. 5. 
D 
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'' In |;he firrt plac^, it pog^e^sM ia an enuBent 
degree a leading quality of an orgati of ffmap \ 
since it readily applies itself to, and seoutely 
holds, bodies of eve;y form and si^e that are 
capable of being mqyed by human strength. 
" Nor need we inquire Tj^Jiether it be bettet for 
^^ this purpose that it should b^ divided into 
*' several parts ; or, that it should be alt<^edier 
" undivided : for is it not apparent without fur- 
" ther reasoning, that had it bc^ uadiyidedi it 
" could have grasped only jvst such a portion 
" of every object presented to it, a? Tf as equsd 
** to itself; but that, being ditided into many 
" parts, it can both easily grasp bodies much 
" larger than itself; and can accurately serach 
" out, and lay ^lold pf, the smallest particles of 
" matter. Fw to the former it is capable of 
'' generally applying itself so, as to encompass 
" them, by the separutipu of the fingers ; while 
" in laying hpl^ of very minute objects, the en- 
** tire hand is uot e^uployed, but only the tips 
" of two of the fingers : because from, the grasp 
" <?f t^ie whole hand minute objects would easily 
" escape. 

" Thus then the hand is framed in ihe man- 
V uer mo^t convenient for laying affirm hold on 
" Oibjects bpth greater and less than itself. And 
** in order to euiable it to apply itself to objects 
" of various shapes, it is evidently most conve- 
" nient that it should be divided into many 
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^ parts, as it is : and if seems to be better con- 
stituted for this purpose than any similar in- 
strument ; foi* it not only cah apply itself to 
" substances of a spherical form, so as to touch 
them with every part of itself; but it also can 
securely hold substances of a plane or of a 
concave surface; and, consequently, it can 
** hold substances of any form. 

^ And, because many bodies are of too great 
** a size to be held by one hand alone, nature 
*^ has therefore made each hand an assistant to 
' its fellow ; so that the two, when together lay- 
ing hold of bodies of unusual bulk, on opposite 
sides, are ftilly equivalent to a single hand of 
the very largest dimensions : and, on this ac- 
** count, the hands are inclined towards, and in 
*< every point are made equal to, each other ; 
^ which is at least desirable, if not necessary, 
^ in instruments intended to have a combined 
" action. 

" Take then any one of those unwieldy bodies, 
**- which a man can only lay hold of by means of 
*^ both his hands, as a millstone or a rafter ; or 
take one of the ^nallest objects, as a millet- 
&eed or a hair, or a miniite thorn ; or, lastly, 
** tfeflect on that vast multitude of objects of every 
**. possible size, intermediate to the greatest and 
" the least of those above mentioned ; and you 
'* i^fl find the hands so exactly capable of grasp- 
** ing each particular one, as if they had been 
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'* expressly made for grasping that alone. Thus 
" the smallest things of all we take up with the 
" tips of the fingers ; those which are a little larger 
^^ we take up with the same fingers, but not with 
** the tips of them ; substances still larger we 
" take up with three fingers, and so on with 
" four, or with all the five fingers, or even with 
" the whole hand : all which we could not do, 
" were not the hand divided, and divided pre- 
" cisely as it is. For suppose the thumb were 
" not placed as it is, in opposition to the other 
" four fingers, but that all the five were ranged 
" in the same line ; is it not evident that in this 
" case their number would be useless ? For in 
" order to have a firm hold of any thing, it is 
" necessary either to grasp it all round, or at 
" least to grasp it in two opposite points; neither 
" of which would have been possible, if all the 
" five fingers had been placed in the same plane: 
" but the end is now fully attainable, simply in 
" consequence of the position of the thumb ; 
" which is so placed, and has exactly such a 
** degree of motion, as, by a slight inclination, to 
" be easily made to cooperate with any one of 
" the four fingers. And no one can doubt that 
"nature purposely gave to the hands a form 
" adapted to that mode of action, which they 
" are observed to have»; while in the feet, where 
" extent of surface is wanted for support, all the 

S Lib. ii. cap. 9. 
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toes are arranged in the same plane. ^But, to 
return to a point which we were just now con- 
sidering, it is not merely necessary in laying 
" hold of minute objects to employ the extremi- 
" ties of the fingers opposed to each other, but 
" that those extremities should be exactly of 
the character they are, namely soft, and round, 
and furnished with nails : for if the tips of the 
" fingers were of bone, and not of flesh, we could 
" not then lay hold of such minute bodies as 
** thorns or hairs; or if they were of a softer and 
" moister substance than flesh, neither then could 
" such small bodies have been secured. For, in 
" order that a body may be firmly held, it is ne- 
" cessary that it be in some degree infolded in 
" the substance holding it ; which condition 
" could not have been fulfilled by a hard or 
" bony material ; and on the other hand, a mate- 
" rial too soft would easily yield to substances of 
" which it attempted to lay hold, and would con- 
" tinually let them escape : whereas the extre- 
" mities of the fingers are just of that interme- 
" diate degree of consistence, which is calculated 
" for their intended use. 

" *But, since tangible substances vary much 
" in their degree of hardness, nature has adapted 
•* the structure of the extremities of the fingers 
to that circumstance : for they are not formed 
either entirely of flesh, or of the substance 

^ Lib. i. cap. 6. ' Lib. i. cap. 7* 
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*' called nail ; but of a most cwiyenient (^oaibi^ 
nation of the two : thus those parts which are 
capable of being mutually brought in apposi^ 
^* tion, and which are employed in feeling for 
" minuie objects, ate fleshy ; while the nails are 
^ placed externally, as a support to the former. 
** For the fingers are capalde of holding soft ^tib- 
" stances, simply by the fleshy or soft part o£ 
** their extremity ; but they coruld not hrfd hard 
** substance without the adsi^tance of nails ; 
" deprived of the support of whieth the flesh 
** would be forced out of its position. And on 
" the other hand, we could not lay hold of hard 
^ substances by means of the nails alone ; for 
** these being themselves hard, would easily slip 
^* from the contact of hard bodies. 

" Thus then the soft flesh at the tips of the 
^y fingers compensating for the unyielding nature 
** erf the nails, and the nails givii^ support to the 
** yielding softness of the flesh, the fingers are 
^* hereby tendered capable of holding substances 
** that are both small and hard. And this will 
*^ be more evident, if you consider the eflfecfc of 
" an unusual length of the nails ; for where the 
*^ nails are immoderately long, and consequently 
" come in contaet with each other, they cannot 
" lay hold of any minute object, as a small thorn 
" or a hair : while, on the other haiid, if, from 
*^being unusually short, they do not reach to 
" the extremities of the fingers, minute bodies 
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^ are Incapable <rf belfig held through defect of 
" tbfe requisite support: but if they reach exactly 
" to the extremities of the fingers, they then, 
** &mA then only, fttlfil the intention for which 
** they ^€*e diade. The tiails, however, are ap- 
'' ^Ijk^bte t6 mahy oth^ purposes besides those 
« whteh hate been m^ntibned ; a. in polishing 
arid scra{]^g, atid in tearing and peeling off 
Hkk skifi of tegetables, or animals: and in 
short, ia almost every art if^here nicety of ex- 
** ecution is required, the nails are called into 
« action." 

In alluding to the sceptics of Ms time, the Ian- 
g«i^e of Galeti is as follows. " ^Whoever ad- 
** mires not the skill and contrivance of nature, 
" tutist eith€* be deficient in intellect, or must 
have some p*iv*te Aitotive, which withholds 
hiid ti^m expressing his admiration. He m!ust 
^ be dt^ient in inteltect, if h^ do not perceive 
" that the human hand possesses all those qua- 
** lifications which it is desirable it should pos- 
" sess ; or if he think that it might have had a 
" fonn and construction preferable to that which 
" it has : or he must be prejudiced, by having 
" imbibed some wretched opinions, consistently 
" with which he could not allow that contrivance 
" is observable in the works of nature^" 

^ Lib. ill. cap. 10. 

1 Galen adds : " Sucli persons we are bound to pity*, as being 
*' originally infatuated with respect to so main a point ; wliil« 

d4 



4( 



40 POWERS OF THB HUMAN HAND, 

> 

CJalen then thus sums up this part of the ar- 
gument. «< The contrivances of nature are so 
^* various, and so consummately skilful, that the 
" wisest of mankind, in endeavouring to search 
" them out, have not yet been able to discover 
'' them all '"." And nearly in the same words, 
expressive of the same sentiment, does Solomon 
say — '* Then I beheld all the work of God, that 
'* a man cannot find out the work that is done 
under the sun : because though a man labour 
to seek it out, yet he shall not find it ; yea far- 
ther ; though a wise man think to know it, yet 
" shall he not be able to find it "." 

I may be permitted, perhaps, to subjoin a pas- 
sage from another part of the same work of 
Galen, though not confined to the same subject ; 
in which, after having noticed many evidences 
of design in the construction of the human body, 
particularly the adaptation, in the number and 






" at the same time it behoves us to proceed in the instruction of 
'* those happier individuals, who are not only possessed of a 
*' sound intellect, but of a love of truth." 

On another occasion^ in reprobating such cavillers, he says : 
(lib. iii. cap. 10.) " But if I waste more time on such profligates, 
*' virtuous men might justly accuse me of polluting this sacred 
argument, which I have composed as a sincere hymn to the 
praise and honour of the Creator ; being persuaded that true 
piety to him consists, not in the sacrifice of whole hecatombs of 
^' oxen, ncNT in the offer of a thousand varieties of incense ; but 
" in believing within ourselves, and in declaring to others, how 
" great he is in wisdom, power, and goodness." 
"» Lib. X. cap. 10. " Ecdes. viii. 17. 
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fi»ze of the parts, to the effect to be produced, 
he breaks out into this remarkable apostrophe : 
" ^ How can a man. of any intelligence refer all 
** this to chance, as its cause : or, if he deny this 
'' to be the effect of foresight and skill, I would 
^^ ask, what is there that foresight and skill do 
" effect? For surely where chance or fortune 
^* act, we see not this correspondence and regu- 
" larity of parts. I am not very solicitous about 
*^ terms ; but if you choose to call that chance 
" which has so nicely constructed and so justly 
'* distributed all the parts of an animal body, do 
" so ; only remember and allow, that in so domg 
you do not fairly exercise the privilege of 
framing new terms : for in this way you may 
call the meridian splendour of the sun by the 
^^ name of night ; and the sim itself, darkness. 
What ! was it chance that made the skin give 
way so as to produce a mouth ? or, if this hap- 
pened by chance, did chance also place teeth 
" and a tongue within that mouth ? For, if so, 
" why should there not be teeth and a tongue in 
" the nostrils, or in the ear?" Or, to carry on a 
similar appeal, ^^ did chance dispose the teeth 
** themselves in their present order ; which if it 
^* were any other than it is, what would be the 
" consequence ? If, for instance, the incisors and 
** canine teeth had occupied the back part of the 
" mouth, and the molar or grinding teeth had 

o Lib. xi. cap. ?• and 8. 
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'^ occupied the front, what tis^ coitild we hd»te 
^ made of either ? Shall we then fiidmir^ the eddtf 
of hiia who disposed a chorus of thirfy-two 
nlen in iust ordel* ; a^d can we deny the ^ill 
of the Creator, in disposing the s Je ritiml^r 
" of teeth in an cwdw so conveiiient, so neces- 
" sary even for Our existence ?" 

He ihen extends the argument to the teeth of 
oUa^^ animals, as correspotiding with the natwire 
of their food ; and also to the form of their feet, 
as having a relation to the character of their 

teeth. 

" Never," says Cuvier, one of the nxost eipe- 
rieneed physiologists of the present age. " neYer 
" do you see in natui'e the doven hoof of tifee ox 
" joit^ed l^ith the pointed fang of the lion ; nor 
'' the sharp talons of the eagle accomp^ying 
" the flatteu'ed beak of the swan." 

In corresponding expressions Galeh exclaiMs, 
** p How does it happeii that the teeth and tahms 
" of the leopiard and lion should be similar ; ad 
" also the teeth and hool^ of the sheep attd goat ; 
** that in animals which are by iatiire Cou- 
rageous, there should be found sh&rp aild 
strong Weapons, Which a^e neve* found in 
" those anilnals that are by nature timid 3 or, 
l^tly, that M no animal (£o we meet wllh^ a 
combin^ion bt pow^irfal talons with i^oflS^- 









P Lib. xi. cap. 8. ed. Kiihii. vol. iii. p. 875. lin. 3^^ — 17* and 
p. 892. Hn 12—17. 
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^ liive tee^? Hem ^bould this )mp{>^i, but ibA% 
they are all the wwk of a Creiltor, who ever 
kept in mind the use and mutiial relation of 

^' different organs, and the final purpose of all 

" his wwks?" 






CilAP. IV. 

On the JBrainj considered as the Organ of the 

Intellecttuxl Faculties. 

, IT csm no more be doubted that many of the 
phenome^ba of nature, and the important practi- 
cal a&d philo60|)hical conclusions deduced from 
them, would haye been hitherto concealed from 
human knowledge, had man failed to exercise 
those intellectual faculties with which the Crea- 
tor has endued him ; than that political commu- 
nities would have failed to exist, and social life 
tp be adorned with the arts of civifi2^ian, had 
all mankind determined tq^ pursue the mode o£ 
life adopted by savage tribes: nor can lA be 
doubted that the Creator, in imparting to ihan) 
intellectual faculties superiw to those of brutes, 
intended that he shbuld exercise them, not solely 
with a view to the higher aftd future destinatit»i^ 
of his nature, but afeo with a view to the piMr- 
poses of this |^resent life« 

Since however the senses of hearing, slight, 
and touteh, which are the great ijodets o£ know- 
ledge, are possessed by otany of the inferior 
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classes of animals in common with ourselves, by 
some indeed in a more exquisite degree ; since 
also those animals are capable of remembering 
past, and conjecturing future events, although 
incapable of the more abstract functions of the 
understanding ; it becomes highly interesting to 
inquire whether there is any thing in the physi- 
cal structure of man which renders him more 
capable of being acted on by external agents, 
with respect to the developement of his intel- 
lectual faculties, than brutes are : in other words, 
whether there is a material instrument in animal 
organization, the general composition of which is 
in obvious correspondence with the degree of 
intellect evinced by different species of animals, 
including man as one of those species. 

Now if any one in the least degree conversant 
with the laws of optics and of sound, were to 
doubt the adaptation of the structure of the eye 
and of the ear to those laws respectively, he 
would fairly be ranked among the individuals 
of that class of speculatists whose minds are too 
weak to apprehend any truth. And though there 
is not so obvious a relation between the struc- 
ture of the brain and the exercise of the mental 
faculties, as in the case of the eye and light, and 
of the ear and sound ; yet the indications^ of a 
natural connexion between the two are both 
clear and numerous. And hence not only have 
philosophical inquirers in all ages acknowledged 
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such a connexion; but the most common ob- 
servers have ever felt an mtuitive conviction of 
its existence, and have considered the brain as 
the instrument of thought and reason *i: the 
truth of which assertion is evident from vari-^ 
ous metaphorical terms expressive both of intel- 
lectual defect and of intellectual excellence. 

It may be presumed that, without the aid af- 
forded by the study of anatomy or natural his- 
tory, the most ciirsory observer might diBcover 
that the indications of intelligence manifested 
by the various classes of animals generally cor- 
respond in degree with their approximation in 
physical structure to man ; and that, if we con- 
fine our view to the four highest classes, namely 
fish, reptiles, birds, and quadrupeds, and con- 
sider them with reference to their respective 
degree of docility ; fish and reptiles, which are 
the lowest in the scale, will readily be allowed 
to be inferior to birds, which are a degree higher 
in the scale; and these again will with equal 
readiness be allowed to be inferior to quadru- 
peds, which are the highest. 

And it would be acknowledged upon a more 
accurate investigation, that, although there are 

*! and his pure brain, 

^Which some suppose th6 soul's frail dwelling house, 

Doth^ by the idle comments which it makes. 

Foretell the ending of mortality. 

King John, Act. 5, Scene 7« 
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at fif0t dight some seeming e:s:ceptioiis to the 
gularity of gradation, the apparent anomalies 
vanish When put to the test of a philosophical 
examination. Should it be said, for instance, thai 
the bee or the ant shews greater indications of 
ihteltigence than many species much higher m 
the scale of animal creation, it may be answered 
that tkote indications are manifested in actions 
which are referable to instinct, rather than intel- 
ligence ; actions namely, which being essential 
to the existence of the individuals, and the pre- 
servation of the species, are apparently deter- 
ihined by some internal impulse which animals 
unconsciously obey. Nor does it militate against 
auch a notion of instinct, that when accidedtat 
impediments prevent the regular evolution of 
the comb, taking that as an instance, the bee 
accommodates the arrangement of its fabric to 
the impediment which is placed in its way : for 
such a modification of instinct is as clearly ne- 
cessary in the case of an occasional impedi- 
ment, as instinct itself is necessary for the ge- 
neral purpose. 

In speaking of instinct I purposely avoid a 
formal definition of the term : for any attempt 
to define with accuracy a principle, of the real 
nature of which we are ignorant, usually leaves 
us in a state of greater darkness than we^were 
before; of which the following extraordinary at- 
tempt, with reference to the very principle now 



undet cfm^HlemUon, is a suffiment iUustriitiaii. 
ft is q[uoted from aa author of the name c^ Wag- 
ner, in. a Fork on the Brain of Man and other 
.^phnals, ^tten hy Wenzel and his brother ; 
and is as follows : '^ The instincts of animals are 
*' PQthing more than inert or passiye attractions 
" fdc^Ted from the powei? (rf i^nsation : and 
'' th§ instinctive operations of animals nothing 
**', tpore than crystallizations prodticed throng 
" the agency of that powCT '•" 

Qf the gmerdX positicm, then, that the brain 
i^ the. insttument of intelligence, and that the 
4egree of intelligence characteristic of diflferent 
cl^s^s of aniwala is proportional to the ap- 
pirQxiittAtion of th^; structure to that of man, it 
^Ay lof the piresmt be presumed that no one 
4(»bts. 

CHAP. V. 
7%^ Nervous Systetn of Animals in general. 

SECT. I. 

The Nervmis System of the inferior Animals, 

AS the peculiarities in the structure of tho 
human brain cannot be understood without a^ 
referenqe not only to the brain but to the nerv- 

^ '' Instinctus animalium nihil aliud sunt^ quam attractiones, 
'' mortuse a sensibilitate profectse; et eonim artificia nihil aliud 
'' quam crystallizationes per sensibilitatem productae." Wenzel, 
]>9 penitiori Struotiim Cerebri. Tubi%se, foL 1812. p. 248, 1. 10. 
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0U8 S3rstem at large of other animals ; it will be 
necessary to take such a survey of that system 
as may be sufficient for the present purpose. 

In the lowest species of animals, which appear 
to be devoid of any specific organs of digestion, 
motion, or sensation; whose economy indeed 
only enables them to contribute, in a mode as 
yet unknown, to the nutrition and preservation 
of the individual, or to the continuation of the 
species, no distinct nervous system has yet been 
discovered, or at least satisfactorily demon- 
strated : it is presumed rather than known that 
in such animals there exists a variable number 
of small insulated masses of nervous matter 
called ganglions^ which are connected with each 
other, and with difierent parts of the body, by 
means of slender filaments that radiate from 
these masses in various directions. 

In ascending the scale of animal existence 
we meet with species, in which, though devoid 
of organs of sense and motion, there exist dis- 
tinct organs of digestion : and in such species 
the upper part of the passage leading from the 
mouth to the stomach is usually surrounded by 
a kind of collar, from whence distinct nerves 
are distributed to the other parts of the body. 

In ascending still higher the scale of animal 
existence we find, together with a greater sym- 
metry of structure in the whole individual, ad- 
ditional component parts of the nervous system,^ 
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and a greater degree of regularity in the distri- 
butioQ of these superadded parts. Thus in those 
clashes of animals which include the leech, the 
ceatipede, and the bee, whose bodies are natu- 
rally divisible into distinct segments, we find a 
series of ganglions placed opposite the respective 
segmente, and sending out nerves which are ap- 
propriated to the muscles of voluntary motion 
attached to these segments: and the several 
ganglions are reciprocally united by mtervening 
portions of a nerJ^ous cord, which is contmued 
from one extremity of the body to the other ; so 
as to present the appearance of a thread in 
which knots have been tied at stated intervals. 
And in those species of these classes which have 
eyes, as is the case with insects, there are ad- 
ditional ganglions near the head; from which 
arise the nerves of vision, and, probably, of 
tonch. 

If, in ascending still higher the scale of ani- 
mal existence, we examine the nervous system 
of fish, reptiles, birds, and quadrupeds, we find 
that those parts which are subservient to the 
nutrition of the individual, and to the continu- 
ation of the species, are supplied with ganglions 
and nerves corresponding in their general cha- 
racter cmd mode of distribution with the nervous 
systenr of the lower classes : and that the ar- 
rangement of the nerves of voluntary motion 
merely differs from that of the intermediate 

E 
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classes, in being more elaborate ; the individual 
nerves all communicating with a continuous ccwrd 
which extends from one extremity of the body 
to the other; but which, instead of floating 
loosely in the general cavity of the body, as in 
insects, &c. is contained in a canal essentially 
consisting of a series of parts called vertebne, 
which taken together form what is called the 
spine or backbone. From the structure of thia 
spine these classes are called vertebrated: and 
it is deserving of notice that these classes alone 
have a cranium^ or skull. 

The nervous cord above described is known 
more familiarly under the name of the spinal 
marrow^ a term which is derived from its re-r 
semblance, in some of its physical characters, 
to the oil contained in the interior of the bones 
of man and various other animals. 

That portion of the spinal cord which is con* 
tiguous to the head is continued into the cavity 
of the skull ; and is there apparently lost in a 
more or less regular mass of nervous matter 
called the brain : which is small, and simple in 
its structure, in fish; larger, and more com- 
plicated, progressively, in reptiles, birds, and 
quadrupeds; largest, and most complicated, in 
man. From the lower surface of the brain 
arise several pairs of nerves which are princi- 
pally distributed upon the organs of the distinct 
senses, and the muscles of the face : and it is 
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worthy of observation, that while the muscles of 
mere animal motion, as of the trunk and extre- 
mities, are derived from the spinal marrow ; the 
muscles of the face, which may be called pre- 
^ninently the muscles of moral and intellectual 
expression, are derived from the brain itself. 

In ascending then from fish, the lowest of the 
four classes of vertebral animals, to quadrupeds 
which constitute the highest class, the general 
mass of the brain upon the whole increases in 
|»roportional size ; and at the same time it also 
more and more resembles that of man both in 
its general form, and ii^ the character and pro- 
portions of its several parts. But the human 
brain, when fully developed, contains parts which 
do not exist in the brain of those animal species 
which approach nearest to man in the structure 
of this part^. 

It cannot be uninteresting in an inquiry like 
the present to add, with respect to those occa- 
»onal deviations from the common form, called 
monsters and lusus naturae, that nature never 
elevates the brain of an individual of a lower to 

s It may be convenient here to state that the human brain is 
naturally divisible into two parts, called the cerebrum and cere^ 
heUum ; of which the former is eight or nine times larger, than 
the latter. The cerebrum, which occupies nearly the whole of 
the cavity of the skull, consists of two parts, called hemispheres : 
and it should be particularly borne in mind that it is with refer- 
ence to the great size of its hemispheres that the human brain 
exceeds that of all other animals. 

E 2 
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that of a higher clasB; though the brain of am 
individual of a higher is frequ^itly not deyeloped 
beyond the degree of a lower : and this law <rf 
the developement of die brain is, with reference 
at least to the distinction of classes, corre- 
spondent with that of the general form. Thus 
a lusus naturae or monster in the class of quad- 
rupeds, for instance, or of birds, may have two 
heads, or eight legs; but the supernumerary 
parts will be always those of its own class, in- 
deed of its own species : and therefore it is ab- 
surd to suppose that if there be no mixture of 
species in the same class, th^*e should ever be a 
confusion of two distinct kingdoms of nature- 

Horace, than whom no one. better understood 
the principles of imaginative or artificial poetry, 
knew that abrupt combinations of heterogeneous 
subjects would certainly offend a correct taste^ 
because unnatural : for taste, it may be affirmed, 
is, in one of its essential attributes, a feeling in 
harmony with natural combinations; wh^her 
the individual combination be that of sounds, or 
colours, or forms, or of intellectual images, or 
moral sentiments: and nature, which may be 
preeminently called the rexyv iroi'^ifc^y though she 
may occasionally surprise the mind by unusual 
combinations of organs natural to the species, 
never so couples together heterogeneous organs, 
as that the limbs of animals of one species 
should be united with those of another species ; 
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in shorty as Horace himself expresses the con- 
ception, 

Non ut 

Serpentes avibus gemiQentur, tigribus agni^ 

SECT. II. 
The Nervous System of Mem. 

The nervous system of man, without any re- 
ference to that <rf other animals, naturally re- 
solves itself into three sufficiently distinct divi- 
sions: of which one is appropriated to those 
parts, which characterize him as simply an or- 
^zed being ; another, to his powers of volun- 
tary motion ; the third, or the brain, to the or- 
gans of the several senses, and, probably, to 
the manifestation of the intellectual powers and 
moral affections. 

Of the two first of the foregoing divisions it is 
not necessary to speak more at large ; because 
no doubt exists in the minds of physiologists as 
to the nature of their offices. But this is not 
the case with respect' to the brain ; which there- 
fore demands a greater share of our attention. 

Of all the parts of the nervous system taken 
collectively, the brain has been most generally 
considered as the organ of the mind : and it has 
long been a favourite speculation to endeavour 
to ascertain what part of this organ is subser- 

* The subject of lusus naturae, or monsters, will be resumed 
towards the conclusion of this treatise. 

£3 
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vient to the existence and exercise of those intel- 
lectual powers and moral feelings, which to a 
greater or less extent are possessed by many 
other animals as well as man. It is presumed at 
least that of the existence of intellectual powers 
or moral feelings in brutes no one can doubt, who 
has been at all accustomed to observe the cha- 
racters and habits of animals " ; so that when in 
common language it is asserted that man differs 
from other animals in possessing reason, while 
they are irrational, the term reason must be 
taken in its most extended sense, as implying 
the aggregate faculties of man, both moral and 
intellectual. 

I will not here insist on the evidence of the in- 
tellectual powers of brutes, as deducible from the 
effects of what we call instinct ; because in all 
those actions which are the result of instinct, 
animals appear to be guided by a natural and 
irresistible impulse from within, which leads 
them to seek or to avoid that which will be 
either useful or injurious to them ; and enables 
them to perform the most complicated acts, as 
the building of a nest or the construction of a 
comb, though they may never even have seen 
the same acts performed by other individuals of 

^ Aristotle, in his History of Animals, distinctly affirms such an 

existence — tvttm yap iv rois irXeiorot; Koi rmv oXXttv S<^v txinj Tm¥ 
vepl rrpf ^XO" fpAnnav, cartp eiri t&v dvSponrmv ?x<i <l)a»€paT€pag rhs 

bia<l>opds. p. 212. lin. 7 — 10. ed. Bekker. 
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their species. I would rather insist on that 
evidence of their intellectual powers, which is 
derived from their conduct, when, in conse- 
quence of having been removed from their na- 
tural sphere of action, they are impelled by ex- 
ternal and accidental circumstances. Thus the 
wariness of old animals in avoiding the pursuit 
or arts of man, and the sagacity with which a 
practised hound will cut oflF an angle in order to 
shorten his distance, may be considered as proofs 
of a considerable degree of intellectual rather 
than of instinctive prudence in brutes. 

The playfulness of the young of most quadru- 
peds, often indeed observable in the adult ani- 
mal also, may be regarded as no obscure proof 
of the exercise of the intellectual faculty which 
we call imagination ; for that playfulness almost 
always consists in the representation of mutual 
hostility, though the real disposition at the same 
time is any thing but hostile. The dog for in- 
stance, under such circumstances, snarls and 
bites, but with evident intention not to hurt. 

Of the existence of moral feelings in brutes, 
there is still more decided proof than of the ex- 
istence of intellect. Thus the expression of joy 
in a dog at sight of his master is not to be mis* 
taken, and the expression of fear in a horse at 
the sound of the whip is equally unequivocal in 
its character. Again, animals become attached 
not only to individuals of their own species, but 

e4 
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to indiyiduals of eyen a different order or class : 
and they evidently feel regret upon separatimi 
from these their companions. 

On the supposition that the brain is the organ 
of the intellectual powers, physiologists have 
been led to ccmipare the proportions of the 
whole and of its several regions in man and 
brutes; in order to arrive at a knowledge of 
such facts as might serve for a basis for ascer- 
taining which are the parts essential to its action 
as such an organ. It has been supposed by 
some that the intellectual faculties may be in 
proportion to the absolute size of the brain ; such 
an opinion being grounded on the fact, that the 
human brain is larger than that of the horse or 
ox. But on the other hand, the brain of the 
whale or of the elephant taken in its whole 
mass is larger than that of man ; though the in- 
telligence even of the elephant bears no propcw- 
tion to that of the human mind. Again, the 
brain of the monkey or of the dog is smaller 
than that of the ox or the ass ; yet with respect 
to their intellectual faculties the former approx- 
imate much more closely to man than the latter. 
Neither do the dispositions or qualities of ani- 
mals appear to be connected with the absolute 
size of their brain : for animals most different 
and even opposite in disposition may be ranged 
in the same class with reference to the size of 
this organ ; the tiger and the deer, for instimce. 
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among quadrupeds; and among birds, the hawk 
and the jHgeon. 

It would appear probable from some instances, 
that the proportional size of the brain with re- 
ference to the size of the body would give a more 
uniform result. Thus a crocodile twelve feet in 
length, a serpent eighteen feet in length, and a 
turtle that weighs from three hundred to five 
hundred pounds, have not any of them a quan- 
tity of substance in their brain equal to half an 
ounce; and the slight degree of intellectual power 
manifested by these animals corresponds With 
such a proportion. But on examination it ap^ 
pears that the proportional size of the brain is 
not a more certain criterion than the absolute 
size. The brain of the elephant for instance is 
smaller in proportion to its body than that of any 
other quadruped : and yet what quadruped ex- 
ceeds the elephant in sagacity ? and, in compar- 
ing many of the inferior animals with man in 
this respect, it is found that not only do different 
genera of the same order differ very widely from 
each other in the proportion of their brain to 
their body, as the bat and the fox ; but that the 
proportion i, «,meti»es inversely as 4e deg«e 
of intellect of the ammal : thus, as far as we are 
<^ipable of judging, the intellect of the fox is in- 
finitely greater than that of the bat, and yet the 
brain of the former, proportionally to its body, is 
only one half the size of the latter. Occasionally 



; 
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the disproportion is still greater in different species 
of the same genus, and even in different varieties 
of the same species : llius in some dogs the brain 
compared with the body is as one to fifty, while 
in others it is as one to three hundred. 

Again, it appears that the brain of some of the 
genera of the lowest orders in a class is propor- 
tionally larger than that of some of the genera of 
the highest orders. Thus, in the mammalia, the 
brain of the dolphin, which animal is in the 
lowest order of that class, is in proportion to its 
body four times as large as the brain of the fox, 
which is an animal of one of the highest orders. 
And the brain of the mouse and of the mole are 
nearly, if not quite as large, in proportion to their 
body, as that of man. And the same circum* 
stance occurs even in the second class, or birds ; 
for the brain of the sparrow is in proportion to 
the body as large as, nay even larger, than that 
of man. 

Lastly, for it is unnecessary, and would be 
tedious, to enter further into the detail of this 
part of the subject, there does not appear to be 
any connexion between the degree of intellectual 
faculties and the mutual proportions of the several 
constituent parts of the brain ; or between the 
degree of the intellectual faculties and the mu- 
tual proportions of the brain and nerves. So 
that it appears, from a review of what has been 
advanced, that ^o criterion of the degree of in- 



NERVOUS SYSTEM OP ANIMALS. 59 

tellect is found in the absolute size of the brain ; 
nor in its relative size, as compared with that of 
the body of the individual ; nor in the relative 
size of its constituent parts, or of the whole of it, 
to the nerves. 

SECT. III. 

Indications of natural Talent and Disposition deducibU 
from the Structure of the Brain. 

If the entire history of the brain were a pri- 
mary object in this treatise, it would be right 
here to investigate in detail the observations and 
theory of Dr. Gall respecting this organ : but on 
the present occasion it will be unnecessary to 
refer to that theory further than may be re- 
quired by the course of the argument. 

The simple enunciation of Dr. Gall's theory 
is this, that " the brain in general is the instru- 
" ment by which the intellectual faculties, and 
" the moral sentiments and propensities, are 
manifested; particular parts of it being the 
organs of those several faculties, sentiments, 
and propensities: and that according to the 
" gtate of these organs will be the faculties, sen- 
" timents, and propensities of each individual." 
To those who have obj.ected to this theory, 
that it leads towards the doctrines of fatalism, 
and the material nature of the soul, it has been 
answered ; first, that as, according to the theory, 
no individual, who is endued with intellect, is 
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deficient in the organs of those moral sentiments, 
which, if cultivated, will be sufficient to coun- 
teract whatever bad propensities he may have, 
the theory cannot consistently be accused of in- 
culcating the doctrine of fatalism : and secondly, 
that without inquiring what the soul is, or in 
what manner it is united to the body in this life, 
which Dr. Gall considers as questions not only 
beyond the comprehension of human reason, but 
totally unconnected with his inquiries, the theory 
merely investigates the material conditions of 
that part of the body by which the soul is af- 
firmed to manifest itself to our observation. 

It has been already stated that, in exposing 
to view the lower surface of the brain, several 
pairs of nerves are observable which may be 
traced to the organs of sense and some other 
parts: and it is admitted by many anatomists 
of acknowledged accuracy, that, of all these 
pairs, not one, excepting the olfactory and op- 
tic, is derived from the great mass of the brain 
called its hemispheres : but Dr. Gall shews it to 
be highly probable in fact, as it evidently is in 
reasoning, that neither the olfactory nor the 
optic nerves are derived from the hemispheres : 
whence it would appear that, with the doubtful 
exception of the nerves of smell and sight, not 
a single nerve of the whole body is derived from 
the great mass of the brain : for the organs of 
the other senses, and all the muscles of volun- 



NBEVOUS SYSTEM OF ANIMALS. 61 

tary motion, together widi the whole assemblagfi 
of the organs of digestion, and the heart, and 
the lungs, are evidently supplied from other 
sources. 

Either then the great mass of the brain is 
allotted in a most anomalous disproportion to 
the two senses of smell and sight, which in many 
animals are comparatively weak ; or, if it do not 
supply the nerves of sight and smell, there is no 
part of the body which it does apparently supr 
ply with nerves : and then the conclusion presses 
Hpan us with peculiar force, that the bmin i» 
exclusively the instrument of the immaterial part 
pf our present existence. 

It appears from Dr. Gall's own account, that 
he was originally led to this peculiar train of 
thought by observing the difference of talent^ 
and character in his own brothers, and in other 
childr^i with whom he happened to associate; 
some of whom, though under perfectly similar 
circumstances of education with the rest, were 
much quicker in apprehending what wa3 taught 
them : and further, by observing in different in- 
dividuals of the same species of animals, as dogs, 
lliat some were fierce, some mild : again, that in 
birds of the same species some continued to sing 
their own notes only, while others would listen 
to, and imitate, artificial music: and with re- 
ference to the last mentioned instance particu- 
larly, he argued that the differ^ice could not 



(Kl NERVOUS SYSTEM OP ANIMALS. 

arise from the greater or less d^ree of perfec- 
tion in the organ of hearing, for it is the same in 
both ; but must be looked for in the brain, to 
which the organ of hearing conveys sounds; and 
in which, and not in the ear itself, they are per- 
ceived. There are moreover numerous instances 
which shew that the sense of hearing is by no 
means in proportion to the degree of perfection 
in the construction of the ear. Thus, the dc^ 
hears with indiflference the sweetest melody : and 
yet the construction of his ear approximates 
more to that of man than the construction of the 
ear of even the most musical birds. And on 
this point Dr. Gall asks, if the organ of hearing 
determine the power of singing, why should the 
female bird be mute; seeing that in this part of 
its bodily construction it diflfers not from the 
male ? It is equally observable that in men the 
talent for music is not in proportion to any su- 
periority in the organ of hearing ; in the con- 
struction of which indeed there is little if any 
apparent dijfference between any two indivi- 
duals. 

Partial insanity and partial idiotcy are among 
the circumstances which Dr. Gall considers as 
favouring his theory. The frequency of the for- 
mer must be a fact well known to all : the latter 
is not uncommon ; and even persons of consider- 
able intelligence occasionally exhibit very ob- 
scure traces of this or that particular faculty. 
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Other arguments in favour of his system he 
draws from the temporary effects produced by 
cerebral inflammation on the state of the mental 
powers : in the case, for instance, of idiots, who 
during the inflammatory action have manifested 
a considerable degree of understanding; but after 
the cessation of that action have relapsed into 
their former state of fatuity. 

It would seei]i, in the instances here adduced 
by Dr. Gall, that the mental faculties which had 
been previously in a state of fatuity, are ren- 
dered for the time rational, in consequence of a 
degree of excitement which in individuals not 
labouring under fatuity would have probably 
produced delirium : and, as a rational state of 
the faculties may be considered, to use a mathe- 
matical expression, as a mean proportional to 
fatuity and delirium, it might be expected that 
the same cause which would raise a rational 
state of the faculties to delirium, would raise an 
idiotic only to a natural state : as, in a similar 
manner, wine is observed to modify the charac- 
ters of individuals of different temperaments, by 
elevating them for the moment : 

" If keeps the unhappy from sinking, 

" And makes e'^en the valiant more brave."' 

It would occupy too much time to ent^r into 
the detail of this interesting part of Dr. Gall's 
system : nor was more originally intended than 
to introduce the subject to the consideration of 
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those, who happen not to have reflected on it 
before, in such a manner as to enable ihem, to 
form some judgment of the merits of a theory^ 
the character of which has been injured to the 
full as much by its injudicious friends as by its 
professed enemies. Of this theory it may per- 
haps be affirmed with truth, that, considered as 
an abstract philosophical speculaticm, it is highly 
ingenious, and founded upon unobjectionable 
principles : and that while the general condu* 
sion is inevitable with respect to the collective 
functions of the brain, there is nothing unrea- 
sonable in supposing that specific parts serv^ 
specific purposes. The rock, on which Dr. GbUL 
and his implicit advocates have split, is the at- 
tempt to fix the local boundaries of the several 
faculties of the soul. Had he satisfied himself 
with developing the structure of the brain in the 
various classes of animals ; and had he been con- 
tent to shew that, in tracing its structure from 
those animals which manifest the least indica- 
tions of intelligence to those which exhibit still 
stronger and stronger, it proportionally advances 
in its resemblance to the structure of the human ; 
and lastly, had he only drawn from these pre- 
mises the general probable conclusion, that spe- 
cific parts had specific uses with respect to the 
manifestations of the immaterial principle of 
animal existence ; (and assuredly brutes are en- 
dued with such a principle, though, as being 
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devoid of the' moral 'sense, they are not fitted foir 
a future state, BXkd consequently perish when 
their bodies die;) had Dr. Gall been content 
to have, stopped at this point, without ventur- 
ing to define the local habitations of the sup- 
posed specific organs, he would have acquired 
the unalloyed fsane of having developed a beau- 
tifulr train of inductive reasoning in one of the 
most interesting provinces of speculative philo- 
sophy : whereas, in the extent to which he has 
earned his principles, his doctrine has become 
ridiculous as ^ system; while in its individual 
Implications it is not only useless, but of a posi- 
tively mischievous tendency : for, without the aid 
of this system, every man of common sense has 
sufficient grounds on which to judge of the cha- 
mcte« of a<«e with whom he alciates ; and 
it is evidently more safe to judge of others by 
their words and aqtions, and the general tenor 
of their conduct, than to run the risk of con- 
damning an individual from the indication of 
g^me organ, the activity of which, for a moment 
allowing its existence, may have been subdued 
by the operation of moral or religious motives. 

But there is an occasional absurdity in the 
application of the theory, which, though obvi- 
ous, does not seem to have been noticed. Let 
us suppose, for instance, the case of a murderer; 
and that a disciple of Dr. Gall were to maintain 
that, as the crime of murder proceeds from the 

F 
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operation of the organ of destnictiveness, that 
organ would be found highly developed in such 
an individual ; and yet, upon actual inspection; 
this were not found to be the case. Here, 
although the disciple of Dr. Grail might be dis-^ 
appointed in finding no such developement, d 
plain reasoner would not be so disappointed: 
for is it not obvious that avarice^ or shamey or 
jealousy J might in a moment operate so power- 
fully as to lead an individual to the crime of 
murder, whose nature and habits were as far 
as possible removed from the propensity to that 
crime ; and who, consequently, according to 
Dr. Gall's own principles, would be devoid of 
any undue developement of the organ of mur- 
der? 

With respect to ourselves indeed, the study of 
the system may be attended sometimes with the 
happiest consequence : for if, from the contem- 
plation of it, we can be str^igthened in our con- 
viction of the feet, which both reason and reve- 
lation teach us, that each individual is liable to 
particular temptations depending on his specific 
temperament, we shall thus have one additional 
memento of our frailty, one additional incentive 
to watch over, and combat, " the sin which doth 
" so easily beset us." 
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SECT. IV. 

The general Doctrine of Physiognomy^ as connected with 

the Form of the Body, 

As the indiscreet zeal, not otily of Dr. Gall, 
but of physiognomists in general, has thrown 
mimerited discredit on that department of spe- 
culative philosophy which they have cultivated, 
it may be worth while to examine the subject on 
other authority than that of professed physio- 
gnomists. 

There are many phenomena, then, connected 
with the moral and intellectual faculties of man, 
both in a healthy and diseased state, which, by 
shewing the reciprocal influence of the two dis- 
tinct parts of our nature, the soul and the body, 
render it probable that the energies of the for- 
mer, although it be itself immaterial, may be 
manifested by means of a material instrument. 
The existence of this reciprocal influence, which 
indeed we might expect from their intimate 
though mysterious union, cannot be denied. 
Thus grief or expectation destroys appetite; 
and mental application to any favourite pursuit 
inakes us insensible of the want of food : and, 
on the other hand, a disordered state of the di- 
gestive organs evidently impedes the free exer- 
cise of the mental powers ; or oppresses the soul 
with those dreadful, though really groundless 
apprehensions, which have been termed hy- 
pochondriojcal from the situation of the organs, 

f2 
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the morbid state of which is supposed to gire 
rise to those apprehensions. Again, intoxica^ 
tion confuses the memory and judgment ; and 
the repeated abuse of wine permanently de- 
bilitates the mind, and often terminates in con« 
firmed insanity. The state of the air affects the 
mental energies and moral feelings of many in-» 
dividuals, to a degree inconceivable to those who 
are not thus subject to its influence. And the 
impression of fear has been known suddenly t^ 
arrest the symptoms of endemic ague and ^i- 
lepsy. 

The general idea that this connexion of the 
soul and body may be traced in the conforma^ 
tion of the latter, it will be at once remembwed, 
is by no means new : and the anecdote of the 
unfavourable judgment passed on the moral di&« 
position of Socrates, from the character of his 
countenance, will readily recur to the mind on 
this occasion. Aristotle has even entered into 
some details on the forms and shades of cokHii? 
of the hair and features, and indeed of various 
other parts of the body, as indicative of particu- 
lar temperaments or constitutions of the mind \ 
And it is hardly a question, whether every indi- 

^ For an exposition of Aristotle's views on this subject, oon- 
suit a work of Galen^ entitled IIEPI TON TH2 'i'YXHS HBON^ in 
which the question of the connexion between the faculties of the 
soul and the conformation of the body is discussed. Galen, op. 
Kiihn, vol. iv. p. 7^8—798. 



IUR¥0if« SY8T£M OF ANIMALS. 60 

¥idHal is not accustomed in so»e d^ree to do* 
Me on character from the fbatures, the colour 
of the hair, and other external indications, in- 
dependently of that expression of the counter 
nance^ which rather marks the actually existing 
state of the mind than the latent disposition 
of it y. But if it be in any degree probable that 
the- conniBxion between the soul and body may 
be traced in the confonnation of the features or 
other parts of the body, in a much greater must 
it be probable that that connexion may be traced 
m the structure of the brain. 

Nor does there appear, on the ground either 
of reas^i 0€ of religion, any thing objectionable 
or absurd in the assumption, antecedently to obr 
seryaticm, that the intellectual and moral ten- 

y ^ksiksspeaie has several references to indications of personal 
character^ as depending on the form of the countenance^ &c. 

Cleopat, Bear'st thou her face in mind ? is't long^ or round ? 
Messeng, Round, even to faultiness. 
Cleopat For the most part too. 

They vre foolish that are so. Her hair, what colour ? 
Messeng, "Brown, madam : and her Jbrekead 

As low as she would wish it. 

Antony and Cleoi^atra, Act III. Scene 3. 

Caliban We shall lose our time. 

And all be tum'd to barnacles, or to apes 
Wiiii foreheads vUlanous low, 

TsMPSST, Act IV. near the end. 

Julia. Ay, but her forehead's low ; afid mine's as high. 

Two Obntlbmbn op Vbbona, end of Act IV. 

f3 
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dencies of the soul may in a qualified sense be 
determined, or at least modified, by the peculiar 
structure of the body : that they are frequently 
coincident with certain peculiarities of corporeal 
structure is a matter of actual observation. 

Is it absurd to suppose that, man being a com" 
pound of soul and body, the body has been so 
constructed in each individual as to become a 
fit arena on which that struggle shall be mani- 
fested, which undoubtedly takes place between 
the conflicting passions of the soul ? For it will 
not be denied by those to whom this treatise is 
addressed, that the soul wants not the substance 
of a corporeal frame for the mere existence of its 
evil principles, but only for the external mani- 
festation of them. An authority at least which 
cannot be questioned by a believer in revelation, 
asserts that out of the heart, that is, evidently 
from the context, out of the soul, proceed murder, 
theft, adultery, and the like. 

Is it absurd to suppose that, the brain being 
a very complicated organ, made up of distinctly 
different parts, these parts are subservient to the 
exercise of different functions? or, since it is evi- 
dent that in every other individual organ of the 
body, where there is an identity of structure, 
there is also an identity of function in all the 
parts, may we not fairly presume that, were the 
integral parts different, the effects produced 
would be diffierent; and, consequently, that as 
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fhe integral parts of the brain differ from each 
other, the offices of those parts may be different? 
Or, again, will it be denied as a matter of fact 
that different faculties and propensities manifest 
themselyes in different individuals; and is it 
pnreasonable, on the ground of analogy, our only 
ground in this case, to suppose that they mani- 
fest themselyes through the agency of different 
instruments ? And since the visceral nerves are 
appropriated to the mere vital functions of nu- 
trition; and the spinal nerves to general mus- 
cular motion and common sensation; and the 
nerves of the special senses occupy but a very 
small portion of the brain ; to what assignable 
purpose can the great mass of that organ be ap- 
plied, if not to the operations of that intellectual 
and moral principle, which, after the abstrac- 
tion of the organs of nutrition, motion, and sensa- 
tion, is the only imaginable part of our present 
nature? 

Is the language of Scripture entirely allegori- 
cal throughout the sacred volume ? or do we be- 
lieve on just grounds that we are contaminated 
with an innate propensity to evil ; that there are 
two principles within us constantly struggling 
for the mastery ; and that, spite of our better 
part, and against the strongest feelings of con- 
science and determination of judgment, we still 
are for ever yielding to the worse ? 

Shall we deny that the tendencies to evil are 

F 4 
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diffionent in character in dtfier^it 
and by that denial diiall we att^npt to tdiaiy 
the testimony of experience as to the fact itself; 
imd the conclusions of antecedent reasoning ad 
to its probability: for, if all men were ayariciofb 
&lr instance, or ambitious in the same points, 
where would be the field for the display of other 
qualities; and how could the a£Gai]rs of the worid 
be conducted? 

But Whatever may be the real state of the 
ease — ^Whetherthe brain act as a simple organ 
by the simultaneous operation of all its parts ; 
or idiether those parts act independently in the 
production of specific effects — ^no one can doubt 
that the organ itself is the mysteriotts imtrn- 
ment by means of which^ principally, if not ex* 
dusively, a communication hr maintained h^ 
tween the external woiid and the soul. N<m* cail 
it be doubted, indeed it is a matter of fact which 
is constantly open to our observation, that the 
degree of approximation in the structure t)f the 
brain of other aninmls to that of man bears ft 
very obvious relation to the d^ree of intdli^ 
gence manifested by the various classes of ani- 
mals : so that, in just reasoning, it must cm^very 
consideration be admitted to be tibe instrument 
by which the various d^rees of intelligence are 
manifested. 

It is a matter also of observation, that the 
powers of the mind are capable, like those of 
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tbe bod^; of fo^i^ strei^theiaed by etierciee and 
ciiltsTatkm: land, further, that not only do fh^ 
mental faculties gradually mdnifiest themselyen 
from the moment o£ birth onwards; but that the 
physical developement of the brain advances 
pit^portionally up to a certain period. But tm 
fMs point it will be desirable to nn^e a few 
more particular remarks. 

SECT. V. 

TT^e Developement of the Human Brainy compared wUh 

that of other Animals. 

The brain of all vertebral animals, induding 
even man, is nearly id^itical in structure in the 
^uiy period of the embryo state of those am^ 
nmls. But at the period o£ birth there is a very 
Konarkable difference between the degree of 
devdopement of d:ie human brain, and of that 
of the inferior animals. In quadrupeds for ii^ 
firtance, the brain, according to Wenzel, is fully 
derv^eloped at the moment of the birth of the in-* 
dividual ; contains, that is, at that time, all the 
parts in as perfect a state as they are in the 
adult animal of the same species (Wenzd^ 
p. 246) : while, with respect to the human spe« 
cies, it is asserted by Wenzel, and his statemait 
is confirmed by the observations of others, thai; 
although the brain makes continual and rapid 
advances to its ultimate magnitude and per- 
fect state, from the period of conception to 
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the seventh yeaf after birth, yet all the parte 
have not attained their fall size till the age of 
seven years (p. 254). Aiid this difference is 
exactly what might be antecedently expected, 
from the comparatively greater degree of intel- 
ligence manifested by the young of other ani- 
mals, of the higher orders at least, than by the 
human infant. 

But it is very worthy of observation, that 
those parts of the human brain, which are formed 
subsequently to birth, are entirely wanting in all 
other animals, including even quadrupeds, which 
Wenzel has examined (p. 246): and that dur- 
ing the evolution of the parts peculiar to ihe 
human brain, the peculiar faculties of the hu- 
man intellect are proportionally developed : and 
finally, that, till those parts are developed, those 
faculties are not clearly perceptible (Wenzel, 
p. 247). But at the age of seven years the hu- 
man being essentially possesses, although not 
yet matured by exercise and education, all those 
intellectual faculties which are thenceforward 
observable : and at that age the brain is perfect 
in all its parts. And, from the age of seven 
years to the age of eighty, the changes of the 
human brain with respect to size, either col- 
lectively or in its several parts, are so trifling as 
hardly to be worth notice (p. 247 — 266). 

In comparing either individual actions or the 
complicated operations of man, with those of other 
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atiimals, it is observable, that the actimm and 
iDperations of the adult human being as much 
excel in d^ign and method the actions and 
operations of all other adult animals, as those 
of the infant are excelled in precision and 
adroitness by the young of all other animals 
"(p. 247): and both these facts correspond with 
the relative constitution of the brain at the re- 
spective periods ; the brain of other animals be- 
ing perfect at birth, which is not the case with 
the infant ; while the brain of the adult human 
being manifests a higher degree of organization 
than that of any oth^r animal, and is there- 
fore physically fitted for functions of a higher 
order. 

' It appears then highly probable, both from 
the intuitive conviction of mankind at large, and 
from a comparative examination of the struc- 
ture and developement of the brain in man and 
Other animals, that the intellectual superiority 
of man, physically considered, depends on the 
peculiarities of the human brain : and with re- 
spect to the rest of his body, it is certain that 
the hand is the instrument which gives him that 
decidedly physical superiority which he pos- 
sesses over all other animals. In all other re- 
spects there is no physiological difference, of 
any importance at least to the present argu- 
ment, between man and the higher orders of 
animals: and the peculiarities of his physical 
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bondition, vri^ reiN^itce to tibe form end getie» 
rkl powers of his bod^, rest thafiefMre on thoM 
two organs, the hemd and the brain. And 
as the adaptation of the external wotM to the 
|)hysical condition of taan must have a fi^>6cial 
Preference to those peculiarities in jiis structure 
wiiich distinguish him essentially from^ otl^r 
animals, it has therefore been thought impot^ 
tant to dedicate a considerable portion of dm 
tteatise to the investigation of Ihe characters of 
the two organs above mentioned. 

SECT. VI. 

Cursory View ^the Extent of Human Power over the - 
Objects of the external World. 

Haviko examined, as far as is necessary for 
the purpose of this treatise, the animal ehariid^ 
ter of man, both with respect to the points in 
Which he partakes^of the nature of other spe^es^ 
and those in which he is elevated above them*) 
let us proceed to consid^ the adaptation of the 
external world to thie physical condition of that 
b^ng to whom the Oeator has given dominiiHi 
over all his other works ; whom akme, of all thfe 
living tenants of the earth, he has ^idued with 
a mind capable of conceiving, and corporeal 
powers capable of executing those wonda^fol 
combinations, which make him lord of the world 
whibh he inhabits ; which enable him to c<m»^ 
pel the properties of inert matter to bend to his 
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behests; and t^ direct not only ihe enei^ies <tf 
tl^: inferior animals, but even those of his feti 
low creatures, to the purposes which he may 
hBLve in ^ew. 

. In contemplating, for instance, as in all the 
pride of its appointments it advances through 
tibe waves, the majestic movements of a man-of-« 
war, let us trace its whole history, and thence 
admire the ^Ltent of human power over the ma-» 
terial world. Look at the rude canoe of the Kem 
Zealander, or call to mind the nearly as rude 
eoracle of our own forefathers, and compare 
tfaose simple aad puny products of an infant art 
with the complicated and gigantia triumph of 
i^aval architecture now before you ; and no won^ 
dar if, observing the ease and precision of its 
movements, the unlettered savages of the islsmds 
ofi the Pacific conceival the. stupendous mas 
chine to be some form of animated matter; whose 
fierce nature and awful power were announced 
by the tremendous roai* and decrfxuctive effects 
of its artiUbry. . 

Or, pftssing from inert matter to living and 
iQt^ectual agents, let us in unagination first 
view the tumultuary and predatory incursions 
Qf the. aboriginal borderers of the Ohio, or even 
of the more civilized tribes of modem Arabia ; 
revenge or booty their sole objects^ without any 
plan of civil government or national aggrandize- 
ment ; and then let us contemplate the profound 
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Views and combinatioiiB of the Macedonian mo* 
najrch — that military meteor^whose course, though 
occasionally eccentric, was yet constantly regu* 
lated by the preponderating attraction of his ori- 
ginal design ; and whose plans, though marked 
by temporary and local devastation, yet secured 
the foundation of the durable and general pros^ 
perity of future generations. Tl^ theme is too 
vart and too sublime for the present effort, eve» 
had it never been before attempted; but the 
genius of the learned author of the " Commerce 
" and Navigation of the Ancients*" has admir-* 
ably developed the great and profound views of 
Alexander, ignorantly described by Pope as Ae 
reveries of insane ambition; and has significantly 
alluded to the successful accomplishment of Ids 
wonderful attempt, in that beautifully appropri^ 
ate legend placed under the engraving of the 
head of his hero, 

" Aperiam terras gentibus^.'" 

Or let us investigate the career of the equally 
extraordinary conqueror of the present century. 
View him overcoming every moral and physical 
difficulty in the pursuit of his gigantic and fear- 
ful project of universal empire ; uniting distant 
and hostile nations in confederacies against their 
own liberties; changing their long established 

» The very reverend W. Vincent, D. D. late dean of West- 
minster. 

^ Q. Curt. lib. ix. cap. 6. 



NBRVOU6 SYSTEM OF ANIITALS. 79 

dynacrties, in order to set over them kings of hi€( 
owB family. View him absorbed in his heart- 
less calculations on the advantages to be ob- 
tain^, for his personal aggrandizement, by the 
endless sacrifice of human life ; breaking into 
Ijie peaceful occupations of domestic scenes, and 
desolating the happiness of myriads of his sub- 
jects, n<^ to ward off the dangers of hostile in- 
vasion, nor to lay the foundation of the future 
good of his country, but solely to gratify his own 
insatiable thirst of power ; and yet by the magic 
of his name rallying round his standard, even 
to the last, the remnants of his former reckless 
schemes of inordinate ambition. 

In meditating on the astcmishing scene pre^ 
sented to the imaginiUion by the description of 
a career so strange, we might almost be in doubt 
whether these effects were produced by a mere 
human mind ; or marked the presence of a su- 
perhuman intelligence, permitted for a time to 
exercise a guilty world. But whatever he were, 
he is gone; and his place will know him no 
more. One moral reflection in the meantime 
forces itself upon the mind ; partly applicable 
to himself, and partly to mankind at large. 

Inebriated with prosperity, and regardless of 
the Power which could alone uphold him, he fell 
from his towering height ; and was banished far 
from the theatre of his former ambition, and al- 
most, indeed, frQm the haunts of men. But, haply, 
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the prolongittion of his life in the silent 
of that sequestered island was mercifully intended 
to lead him to a calm reflectiim mi the real value 
of sublunary possessions : for how very visionary 
aiid like a dream must all his former life have 
frequently appeared to him, when standing on 
the brow of some precipitous rock, the natmral 
boundary of his insulated prison, he mused m 
the interminable expanse of the Atlantic ; and 
co^]ipar^d his present desolation with his formcai 
glory. Or, if the terrors of Omnipotence^ failed 
even then to reach his obdurate heart, his exr) 
ample at; least remadns a merciful beac(m to 
others; who may learn from his doom, that there 
is a Power which cai! say, as easily to the tem- 
pestuous oc^an of ambition^ as to the natural 
deep, '' Hitherto ^alt thou come, but no furtfaw; 
'^ aod here ehail thy proud waves be stayed/' 



CHAP, VI. 

Adaptation of the Atmosphere to the Wants 

of Man. 

SECT. I. 

The general Constitution of the Atmosphere » 

IN the foregoing part of this treatise the phy- 
sical condition of mai^ has been considered under 
the view of the general capabilities of his nature, 
rather th^^n of his actual state : but it is evidi»t 
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on a moment's reflection that his actual state will 
be very different at different periods of time, or 
in different parts of the world at the same pe- 
riod: and this observation applies no less to 
communities than to individuals. How great 
the contrast, with reference to the case of indi- 
viduals, between the intellectual powers and at- 
tainments of a Newton and a native of New 
Holland ; gmd in the case of communities, how 
great the contrast between any of the kingdoms 
of modem Europe, and the rude tribes from 
whence they were originally derived. 

In proceeding then to illustrate the adapta- 
tion of the external world to the physical con- 
dition of the human species, we must view in- 
dividuals or communities under all possible cir- 
cujnstances of exisitence, and make the illustra* 
tion of as general application as the nature of 
the subject evidently demands. 

And, in order to effect something like a sys- 
tematic arrangement of the immense mass of 
materials whence the following illustration is to 
be deduced, it is proposed to investigate sepa- 
rately the four kingdoms or divisions of nature, 
the general characters of which were given in 
the commencement of this treatise ; beginning 
with the atmospherical and ending with the ani- 
mal kingdom. 

If it were possible, with the bodily as with the 
mental eye, to behold the constitution of the at- 

G 
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mosphere which surrounds our earth, we should 
view a compound probably the most complex in 
nature : for into this circumambient ocean of air, 
as it is called by Lucretius^, are carried up 
whatever exhalations arise not only from the 
earth itself, but from every organized form of 
matter whether living or in a state of decompo- 
sition that is found upon the earth's surface ; the 
dews of morning, the balms of evening, the fra- 
grance of every plant and flower; the breath 
and characteristic odour of every animal ; the 
vapour invisibly arising from the surface of the 
whole ocean and its tributary streams; and, 
lastly, those circumscribed and baneful effluvia, 
however generated, which when confined to 
definite portions of the atmosphere produce 
those various forms of fever which infest par- 
ticular districts : or those more awful and mys- 
terious miasmata, which, arising in some dis- 
tant region, and advancing by a slow but cer- 
tain march, carry terror and death to the in- 
habitants of another hemisphere. 

Such is the complex character of the atmo- 
sphere; and, indeed, from this assemblage of 
vapours contained in it, it has received its pecu- 
liar appellation ; being the receptacle, or maga- 
zine, as it were, of terrestrial exhalations ^. 

^ Semper enim quodcunque fluit de rebus ; id omne 
Aeris in magnum fertur mare. Lib. V. 277* 8. 
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All these yarious exhalations however may be 
considered as foreign to the constitution of the 
air, being neither constantly nor necessarily pre- 
sent anywhere ; all, with the exception of that 
aqueous vapour which is continually rising from 
liie surface of the earth, as well as of the ocean 
and every lake and river. But, in addition to 
this aqueous vapour, the air is also charged to 
a variable extent with light and heat and elec- 
tricity: of which the two first are so obviously 
adapted to the wants of man as to demand im- 
mediate attention. Electricity is probably of 
equal importance in itsi relation to man: but the 
true character of that relation has not yet been 
sufficiently developed to call for a distinct con- 
sideration on the present occasion. 

SECT. II. 
Light. 

The metaphorical expressions of all ages and 
nations, with respect to light, sufficiently evince 
the value in which that inestimable gift is held. 
In the sacred Scriptures indeed, not only are 
temporal blessings compared to light, and tem- 
poral evils to darkness ; but holy deeds are fre- 
quently described under the character of the 
former; and unholy deeds under the charac- 
ter of the latter : and, with respect either to clas- 
sical or oriental literature, a thousand instances 
might easily be adduced illustrative of the same 
metaphorical use of the terms in question. 

g2 
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When, after a dark and tempestuous ni^t, the 
mariner first perceives the dawn of returning 
day; although that dawn discover to his view 
the evil plight to which the storm has reduced 
his vessel, why does he still hail day's harbinger 
as his greatest relief, but because without tha 
aid of light he could not possibly extricate him- 
s^f from the difficulties of his situation? Or,- 
when the child, awakened from its sleep, finds 
itself alone in darkness, why is it overwhelmed 
with terror, and why does it call out for pro- 
tection, but from the influence of those undefined 
fears, which naturally occur to the mind under 
the privation of light ? 

There is something so congenial to our nature 
in light, something so repulsive in darkness, that, 
probably on this ground alone, the very aspect 
of inanimate things is instinctively either grate- 
ful or the reverse, in consequence of our being 
reminded by that aspect of the one or of the 
other : so that on this principle, perhaps, parti- 
cular colours throughout every province of nature 
are more or less acceptable in proportion as they 
approach nearest or recede farthest from the cha- 
racter of light, whether reflected immediately 
from the heavenly bodies, or from the azure of 
the sky, or from the thousand brilliant hues with 
which the setting or the rising sun illuminates 
its attendant clouds. 
In illustration of the principle just advanced, 
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goM and silver among metals might be opposed 
to lead and iron : and, among flowers, the bril- 
liancy of the crocus, the lily, or the rose, to the 
lurid aspect of henbane or belladonna. And 
though something of a moral character may in 
these instances determine the preference; yet 
there is nothing unreasonable in supposing, that, 
H^ the ii^tincts of the inferior animals regulate 
dieir tast€^ and distastes to natural objects ; so 
there may also be in the case of human beings 
congruities, or the reverse, between the sense im- 
][iressed and the object impr^sing it. In fact, 
with respect to that sense, the organ of which is 
the ear, it is known that infants shrink back from 
deep sounds, and express delight at acute sounds, 
long before any intellectual or moral feeling can 
sway them ; and, correspondently with this as- 
fierlion, the lullaby of the nurse partakes, among 
all nations, of the same essential character. . It is 
a fact equally deducible from observation, that 
paiticular flavours and odours are naturally ac- 
ceptable, or the reverse, to children. And £^in^ 
with reference to the sense of touch, smooth sur- 
feces almost universally give a pleasing impres- 
sion ; which is not imparted by rugged surfaces. 
Why then may it not be the same with respect 
to the sense of sight, in the case either of colour 
oar of form ? 

The abundant supjdy of light from its natural 
source the sun, and the ease with which it is pro- 

g3 
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ducible by artificial means during the absence of 
that luminary, render us habitually less sensible 
of its real value, than undoubtedly we should be, 
were we to experience a long continued privation 
of it. And as to the regularly periodical priva- 
tion of it which we experience in consequence 
of the alternation of night with day, this is so far 
from being an evil, that it is obviously beneficial; 
inasmuch as, in consequence of this very absence, 
sleep is both directly and indirectly conciliated : 
without which gift of Heaven, all our faculties 
would soon be exhausted, and all our happiness 
consequently extinguished. 

The beneficial influence of sleep on oiu* whole 
frame is too obvious in its efiects to require any 
formal demonstration : but it will be interesting 
to consider its relation to the absence of light. 
It appears then that, by a fundamental law of 
our nature, a sense of uneasiness invariably fol* 
lows a long continued exercise of our powers, 
either corporeal or mental : and, unless this 
sense of uneasiness have been produced by too 
inordinate exercise, it is soon relieved by that 
state of the system which we call sleep ; during 
the continuance of which, provided it be sound 
and of a perfectly healthy character, all the vo- 
luntary muscles of the body become relaxed, and 
the nervous system remains comparatively in- 
active ; the whole body acquiring by this tem- 
porary cessation of its energies a renovated ac- 
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cumtilatioii of those powers, which are necessary 
for the purposes of active and intellectual life. 

In order to dispose us to yield to the sensation 
of approaching sleep, the periodical succession 
of night to day has been ordained by nature. 
For^ with the approach of darkness cease all the 
usual stimuli of that sense, which is accommodated 
to the impulse of light, and which calls our facul- 
ties into action more frequently than any other : 
nor is the intention of nature less evident, be- 
cause, either from avarice or the dissipation of 
luxury, some individuals protract the labours or 
the pleasures of the day beyond the natural pe- 
riod assigned for those purposes ; since these are 
unnatural exceptions to the observance of the 
general law. 

Although it would be difficult to prove directly 
that there is any necessary connexion between 
darkness and sleep, yet this connexion is ren* 
dered at least highly probable by the effect usu* 
ally produced on the approach of darkness upon 
animals in general, but more remarkably on 
birds; for, with the exception of those whose 
habits are nocturnal, all birds betake themselves 
to sleep as soon as night approaches: and if 
darkness should anticipate night by many hours, 
as happens when any considerable eclipse of the 
sun takes place in the middle of the day, we still 
find the birds of the field as well as our domes- 
ticated fowls give the same indications of com- 

g4 
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pomng themselves to sleep, as at the r^ular pe- 
riod of sunset. If it should be said that tibis does 
not more senre to prove a connexion between 
daricness and sleep with rrference to these ani- 
mals, than to prove the eflFect of a long continued 
association ramlting from their habit of going to 
roost at sunset; it may be asked, why should 
darkness, unless from some inherent cause, lead 
them to compose themselves to sleep at the hour 
of noon, instead of the usual hour of evening; 
since, on the one hand, periodical states of the 
animal system do not usually recur before tiie 
tennination of the habitual period ; and, on tlie 
other hand, the individuals cannot at so early an 
hour have experienced such a degree of exhaus- 
tion as would of itself invite to sleep 1 

In stating that the voluntary action of the 
muscles ce€tses during sound sleep, we ought not 
to omit ike remarkable fact that those muscles 
which are not under the emfnre of the will con* 
tinue their action uninterruptedly through the 
deepest sleep. Of all the muscles of involun- 
tary motion, this observation holds most remark^ 
^ably with respect to the heart ; the continued 
action of which organ during sleep is a phe- 
nomenon worthy of the deepest attentk)n of a 
philosophical mind. All other organs of the body 
liave their periods either of absolute or compa- 
jrative rest ; the senses are in a measure periodi- 
cally locked up by sleep during one quarter iat 
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least, if not one third of our whole existence ; 
the limbs of the most athletic individual lose 
their power of motion after a few hours of unre- 
mitted exertion ; eyen tihe brain, which during 
the hours of sleep and the interruption of all tihe 
common functions of the body frequently repre- 
sents to the internal senses the most busy scenes 
erf active life — even the brain may be exhausted 
by unusual fatigue, or other causes, and may 
thus involve the general system in the stupor of 
apparent death — but the heart, unless on such 
occasions as the momentary interruption oi a 
swoon, never rests: so that, whether we look 
back to that period of our existence, when, in 
our yet imperfect state, there could scarcely be 
discovered the faint outline of those members, 
which in after life constitute man's strength 
and beauty, the presence of the heart may be 
recognised by the impulse of its vibratory mo- 
tion, though its form is yet undefined, or at least 
indistinguishable ; or whether, on the othOT hand, 
we look forward to the latest moments of pro- 
teacted disease, or expiring old age, the same 
organ is the last part of our frame which con- 
tinues to give immediate proof of vital motion. 

The privation of light is rarely, if ever, total : 
for though the empire of time is divided in 
nearly equal proportion between day and night, 
there are comparatively few nights in which 
there is not diffused through the air a sufficient 
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quantity of light for many c^ the purposes of 
life. Nor, with respect to those persons who 
either were bom blind, or became blind in early 
infancy, is the absence of light felt with any 
degree of severity ; for, in such instances, al- 
though the. individual may be made to under- 
stand that he wants some faculty which those 
around him possess, there canpot be however 
any consciousness of privation where there neret 
had been actually any enjoyment; or where 
there was no recollection of it, if it had for a 
time existed. And even in the case of indi- 
viduals who have been deprived of sight long 
subsequently to birth, although the recollection 
of the former enjoyment must more or less im- 
bitter their present state; yet so long as the 
offices of surrounding friends are the means of 
administering to their comfort, more especially 
if those offices are fulfilled with kindness, the 
mind soon becomes reconciled to the privation: 
for it is a fact, repeatedly observed, that blind 
persons under such circumstances are usually 
cheerful. Nor ought we to forget the compensa- 
tion which nature affords to those who are de- 
prived of sight, in the consequently quickened 
activity of some of the other senses. 

Let us however suppose for a moment that, aH 
the faculties and recollections of man remaining 
unaltered, and the general processes of nature 
continuing, if possible, the same as they are 
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now, the existence of light were withdrawn from 
this earth: what would then be the condition 
of mankind? How could those occupations of 
Ufe be pursued which are necessary for the sup- 
ply of our simplest wants? Who in that case 
should yoke the ox to the plough, or sow the 
seed, or reap the harvest? but indeed under 
such a supposition there would soon be neither 
seed for the ground, nor grain for food : for, if 
deprived of light, the character of vegetation is 
completely altered; and its results, as far as 
genera] utility is concerned, destroyed. Or sup- 
pose, further, that these necessary supplies of 
life were no longer required, on account of some 
consequent alteration in our physical constitu- 
tion ; or that they were procured for us by any 
unknown means; yet, in all the higher enjoy- 
ments of our nature, how cheerless, how utterly 
miserable would be our situation. Under such 
circumstances, wisdom would not only be 

" at one entrance quite shut out,^' 

but no other entrance could then be found for 
it; for of the other senses, the only remaining 
inlets of knowledge with reference to an external 
world, there' is not one, which, if unaided by 
sight, could be of any practical value. With 
respect indeed to our inward feelings, though we 
should, on the one hand, be spared, by the priva- 
tion of light, the worse than corporeal pain of 
tlie averted eye of those who ought to meet us 
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with gratitude and affection ; we shcmld, on the 
other hand, lose the beams of filial or parental 
love ; of which even a momentary smile out- 
weighs an age of pain. 

As in mathematical reasoning the truth of a 
proposition is sometimes indirectly proved by 
shewing that every process of proof but the one 
proposed would lead to an absurd conclusion : 
so, though the supposition of a general and total 
privation of light is on all probable grounds erf 
reasoning inadmissible, it may yet serve to shew 
us indirectly the value of the good we enjoy. 
But it is sufl5cient to have given a few instances 
of the necessary effects of such a privation : and 
it will be a more grateful task to enumerate the 
actual benefits which we derive from the agency 
of light. 

In the vegetable world, upon the products of 
which animal existence ultimately depends, light 
is the prime mover of every change that takes 
place, from the moment the germ emerges from 
the soil. Exclude the agency of light, and in a 
short time the most experienced botanist might 
possibly be at a loss to know the plant with 
which he is otherwise most familiar; so ccwn- 
pletely obliterated are all its natural characters, 
whethOT of colour, form, taste, or odour. Thus 
the faded colour of the interior leaves of the let- 
tuce and other culinary r^etables is the result 
of such a degree of compression of the body of 
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the plant as excludes the admission of light 
beyond the exterior leaves. And, again, if a 
branch of ivy or of any spreading plant happen 
to penetrate during the progress of its vegeta- 
tion into a dark cellar, or any similar subterra- 
neous situation, it is observable, that, with tihe 
total loss of colour, its growth advances with 
great rapidity, but its proportions alter to such 
a degree as often to mask its original form. 
And, lastly, which in a practical point of view 
is of the greatest importance, if a plant which 
has grown without the influence of light be 
chemically examined, its juices, it might almost 
be said its whole substance, would be found to 
consist of little else than mere water ; and, what- 
ever odour it may have, is characteristic, not of 
its original nature, but of its unnatural modfe of 
growth ; becoming, in short, very like that of a 
common fungus. The total result is, that all the 
native beauties and uses of a vegetable growing 
under these circumstances are lost : the eye is 
neither delighted by any variety or brightness 
of colour ; nor is the sense of smell gratified by 
any fragrance : the degeneracy of its fibre into 
a mere pulp renders it unfit for any mechanical 
purpose ; and the resinous and other principles 
on which its nutritive and medicinal virtues de- 
pend, cease to be developed. In some instances, 
however, the bleaching or etiolation of plants is 
useful in correcting the acrid taste which be- 



94 ADAPTATION OF THE ATMOSPHEEE 

longs to them in their natural state ; as in the 
iase of endive and of celery. . 

The effect of light upon vegetation has been 
selected in the preceding paragraph as affording 
the most powerful instance of the adaptation of 
this natural agent to the physical condition of 
man. Its effects upon individuals of the mineral 
and animal kingdom are neither so easily to be 
traced, nor are nearly so important in their con- 
sequences, at least in a practical point of view; 
and therefore it is not proposed to bring them 
forward in a more particular manner. 

The observation of those modifications which 
light undergoes when reflected from the surfaces 
of bodies has given rise to one of those impres- 
sive arts which are capable of contributing no 
less to the refinement of society at large, than 
to the gratification of the individuals who culti- 
vate or admire them. For who can look on the 
productions of such masters as Guido, Raphael, 
or Michael Angelo, without imbibing a portion 
of the spirit which animated those masters in 
the execution of their inimitable works ? or, if 
we quit the regions of imagination and of his- 
tory, and descend from the higher efforts of the 
art into the retirement of domestic life, who can 
successfully describe those emotions which are 
excited by the portrait of a beloved object, a 
child or parent now no more; or by the re- 
presentation of that home and its surrounding 
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scenery, in which the careless and happy hours 
of childhood were passed ? 

The intrinsic source of the pleasure which we 
raiperience from the contemplation of a paint- 
ing is probably to be sought for in that prin- 
ciple of our nature, of more extensive influence 
perhaps than is generally supposed, which de- 
rives a gratification from perceiving the resem- 
blance of actual or probable truth ; -or even, and 
sometimes in a higher degree, from the deli- 
neation of fictitious characters and scenes : and 
hence the art of painting is easily made the ve- 
hicle of the ludicrous and the horrible, no less 
than of the sublime and the beautiful: and, hence 
also, the painter may incur a considerable de- 
gree of moral responsibility in the exercise of 
his art. But this view of the subject, though 
fertile in reflections of great moment, and prac- 
tically too much neglected, does not belong to 
the purpose of the present treatise. 

SECT. III. 
Heat, 

From the consideration of the subject of light, 
the mind passes by a natural transition to that 
of heat : for these agents, though not necessarily 
or always, are in reality very often associated 
together: and they are each of them charac- 
terised by the want of that property which al- 
most seems essential to matter, namely weight. 
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In their relation to the physical existaice of 
man and animal life in general, there is this dif- 
ference between them — ^the presence of light is 
only indirectly necessary ; the presence of heat 
is directly necessary. Different degrees of heat 
indeed are requisite for different species of ani- 
msds : but if the heat to which any individual 
animal be exposed be much bdow that which is 
natural to the species, and be continued for a 
sufficient length of time, all the vital functions 
are eventually destroyed ; or, as in the case of 
the hibernation of particular species of animals, 
are at least partially suspended. 

The degree of heat adapted to the human 
frame is so nicely adjusted to the bodily feel- 
ings of man, that, if we take a range of fifty de- 
grees of Fahrenheit's thermometer as indicating 
the averc^e extent of variation to which the body 
is exposed in this climate, it will be found that a 
difference of two or three degrees, above or be- 
low a given point, will generally be sufficient to 
create an uncomfortable sensation. The late 
Mr. Walker, whose experiments on the artificial 
production of cold are well known to the phi- 
losophical world, ascertained that the point of 
&2P or 63^ of Fahrenheit is that, which, upon an 
average of many individuals, is in this climate 
the most congenial, as far as sensation is con- 
cerned, to the human body. But it is a merciful 
provision of nature, considering the numerous 
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vidssitudes of human life, that man is capable 
of resisting y&ry great and even sudden altera- 
tions of temperature without any serious incon- 
v^iience. Thus an atmosphere so cold, as to 
duress the mercury in Fahrenheit's thermo- 
meter to the 62d degree below the freezing point 
of water, has been borne under the protection of 
v^ry moderate clothing. And, on the other hand, 
an atmosphere of a temperature as high as the 
SOOdth degree of Fahrenheit, which is within a 
few degrees of the boiling point of water, was 
borne by the late Dr. Fordyce, during ten 
minutes'^. And it is highly worthy of notice, as 
connected with the general intention of this 
Treatise, that, during the same time, a thermo- 
meter which had been fixed under his tongue 
indicated only the 98th degree of Fahrenheit « : 
so that the body remained very nearly of its na- 
tural temperature, during its exposure to an at- 
mosphere exceeding its own temperature by full 
100 degrees ^ 

This uniformity of animal temperature, under 
such circumstances, is in a great measure owing 
to the process of evaporation, which takes place 
from the general surface of the body, and from 
the air-vessels of the lungs : for if animals are 
confined in a chamber, the atmosphere of which 

d Phil. Trans. 1775. vol. Ixv. p. II7. « Ibid. p. 118. 

' For an account of similar experiments carried to a further 
eiLtelat, see p. 484^ &cc. of the same volume of the Phil. Trans. 

H 
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te Bo rfioidt that ho eTaporation cftii take place 
from the fturfece of theii* bodies, it has been 
found that their temperature is as capable of 
being steadily and uniformly raised, by in*- 
creasing the heat of the room in which they am 
placed, as if they were inanimate matter. 

The application of heat to the varioud pur- 
poses of life has a v^ry extensive range ; and 
With reference to the daily preparation of the 
toore common forms of our food, wheth^ anim&l 
or vegetable^ distinguishes the habits of maji 
from those of every other species. Without tfaA 
power indeed of commanding the application o£ 
he^t in its various degrees^ many of the womt 
ift^portant arts of civilised society Would ML. 

Without that poWer> how could clay be h^trd«- 
ened into the state of bricks of whidi material 
most of the habitations in many large cities are 
constructed ? Without the aid of the same agents 
how could fjuicklime^ the base of every common 
cement, be produced from limestone? without 
the application of the higher degineies of heat, 
metialB tcmdA neither be reduced from tiieir ores^ 
nor the tednced metals be worked into convex 
tttent forms. Neither, without the same aid, 
tbuM that niost useful i^bstance glass be pro^ 
Anced ; a ftiiaterial, whi«ch, in comparison hardly 
known to the ancients, has in modern times 
become almost indispensably necessary to per- 
sons of the poorest class, as a substance of daily 
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ym fox jwtiQm ftoonomic^l purpoiaes. But if w^ 
^omid^v th^ properties of this valuable com- 
pound, with reference to the aid derive4 from it 
iu the inve^tigatious of science, there are few 
substances of higher importance to the philopo- 
pher« Among the most useful of those proper- 
ties are its impermeability to fluids, eitb^ in a 
liquid or aeriform state ; its ready permeability 
to light, together with its power of modifying the 
qualities of that fluid ; and its resistance to almost 
all those chemical agents, which are capable of 
defi^troying the texture of most other substances 
with which they remain long in contact. 

In considering the extensiye utility of the 
thermometer and barometer, in their ccmmnm 
aiid most convenient forms, it is evident that 
th^r practiical value almost entirely depends on 
the transparency of glass, and on its imp^^me* 
nbility to air : for if the glass, of which they are 
made, were opaque, the variations in the level 
^ the quicksilver contained within them would 
be imperceptible to the eye ; and could not be 
JAidirectly ascertained, unless by veiy circuitous 
und difficult mmm : and, on the oth^ h^and, if 
Hm gto#s were permeable to air, the variation in 
the levd^ of the quicksilver, in the ca*e o^ the 
l^nrcwet^ at •least, would necessarily be pre- 
vented. The same properties of transparency 
and impeiroeability to air v«ry greatly enhan^ce, 
if they do »Q(t wlely constitute the value of glass^ 

' H 2 
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in all those philosophical experiments which are 
carried on under what is called the exhausted 
receiver. 

But the most important result of the trans- 
parency of glass is the modification which light 
undergoes in its passage through lenticular 
masses of that material. When, for instance, in 
consequence of disease or advancing age, the 
eye no longer retains the power of discerning 
objects distinctly, how much of hourly comfort, 
as well as of intellectual enjoyment, would be 
lost, were we not able to supply the natural de- 
fect by the artificial aid of glasses of the requi- 
site form and density. And, again, how many 
important facts in the physiology of animals and 
vegetables, as also in the constitution of inani- 
mate bodies, would have remained for ever un- 
discovered, but for the aid of the microscope ; 
the magnifying powers of which depend on the 
transparency, and form, and the right adjust- 
ment of those pieces of glass through which the 
objects subjected to observation are viewed? 

And, lastl^% how shall we estimate the value 
of those discoveries, to say nothing of the con- 
stantly accumulating mass of observations con- 
nected with them, which the world owes to that 
wonderful instrument the telescope ? By the aid 
of which not only has the knowledge of our own 
sidereal system been extended, in consequence 
of the discovery of new planets belonging to it ; 
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but it seems to have been rendered highly pro^ 
bable that those obscurely defined luminous 
masses, which sir William Herschel termed ne- 
hulae^ observable within the limits of individual 
constellations, are really the accumulated light 
of innumerable stars seen through the medium 
of a space hitherto immeasurable : and that the 
milky way itself is an extended accumulation of 
similar nebulae ; the collected light of which, at 
some inconceivable point of distance, may ap- 
pear to the inhabitants of still more distant 
spheres, as a mere speck. Dare the mind at- 
tempt to penetrate beyond this general state- 
ment, and to speculate upon the characters of 
its detail? What if there be a resemblance, or 
even an analogy, between the structure and in- 
habitants of this earth and of the other planets 
of our system ? What if every fixed star which 
we either see with the naked eye or by the aid 
of the telescope, or whose existence we can con- 
ceive on p^bable grounds by the mind's eye, be 
itself the centre of a system consisting, like our 
own, of numerous subordinate spheres, and every 
one of these inhabited by responsible agents, like 
ourselves ; to whose uses both inorganic elements 
and animals and vegetables, analogous if not 
similar to our own, may be subservient ? What 
if the moral history and state of the inhabitants 
of those numberless spheres be like that of 
man ? — But the view, which the investigation of 

H 3 
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this question seems capable of unfolding, is too 
awfiil fol* the eye of reason ; and, however itd 
discussion might magnify our conviction of the 
infinite power and goodness of the Creator, ii 
not to be approached perfiaps without culpable 
presumption. 

Let us therefore return to considerations more 
appropriate to the character of human know* 
ledge : and, having referred to the efiects pro-' 
duced by heat on various forms of matter, let ud 
inquire what facilities nature has placed within 
our reach for the purpose of exciting and main- 
taining heat itself. The ch^nist in his labor- 
atory, sui^ounded by the numerous and varicHis 
stents which he is constantly employing, can 
nev^ have any difficulty in producing the vestal 
element. By concentration of the sun's rays he 
may inflame ^any combustible substance: by 
impression of common air in a small cylindt^ 
of ^ass, or metal, he may ignite a piece of fun- 
gus, or inflame a piece of phosphorus, attached 
to the extremity of the piston which is employed 
to compress the air. He may instantaneously 
produce flame by pouring concentrated nitric 
acid on oil of turpentine, or on certain saline 
Compounds ; by the simple trituratioci of phos- 
phorus, or other chemical ag^its ; by directing 
a small stream of inflammable air on minute 
particles of platina loosely a^regated in a state 
iomewhat res^nbling i^nge; or, not to aoe«* 
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miilate too many iiirtanoea» he may delight tum- 
9elf for the thousajidth time by ig^iti^g a fine 
wire of steel, in pajf^sing the electric cuirent 
along it by means of the Voltaic apparatus s. 

Them are few individuals however who have 
commonly such magic instruments at hand : and, 
even if they had, it is probable that they would 
want both the leisure and inclination to preserve 
th^n in a state fitted to produce at any moment the 
intended edEeet ; for, though each sueces^ye year 

€r It will not perhaps be deeiped knpeftineiit^ to relate an in. 
4l«iife pf }i« liflgafity 9f the lato Dr^ WoIUiston^ in eom^e^qn 
vritb fthe present; ^i^ljject. Jt happened to the autl^or of this 
Treatise, at a comparatively early period of his life, to deliver a 
letter of introduction to Dr, Wollaston at a moment when that 
pliilosoplier was engaged m coadueting an eLsetric ourtitiyt, hf 
m^ng ^f the Vcitsac ^^pgrajtuS; t;hr<High thr^e portion^ ipf fin^ 
ste^l wire, differing from each other in diameter. With that vi- 
vacity of manner, which in him resulted rather from the simple 
consciousness of the acquisition of truth, than from the ignoble 
triumph of iadlvi^iAl supmirarity, he asked wbidi of those wires 
would first become of a red heat ; and being answered, at 4 
hazard rather than fronji any reasonable ground of conjecture, 
that a red heat would perhaps first take place in the thickest of 
the three — " I expect it wiU,'^ he said, ^^ «uid diat die fi^eslt wive 
^ will nevesr rmiA a red imt ; fiw J ^Ku^clade *i>t, fron^ ijt^ e^, 
5' treffoe fineness^ the heat excited i|i it ysnH be dis8ip;ated by ra- 
diation so r£^idly, as to prevent the accumulation of a quan- 
tity suffident for its ignition/' It need hardly be added that 
^le ccmjeeture was vmlied* 

. J^ fm jia^taiiw ,9f the viijpjtt^ ^csi^ qu which |)r. Wc^l^^n 
Wdfi in the habit pf carr3ri];ig oji his philosophical investigations, 
it may be mei^ijtioned that the preceding experiment was con- 
ducted in a single cell of a single and moderately sized Voltaic 
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has of late given birth to some new form of ap^ 
paratus calculated to produce instantaneous light, 
we find ourselves constantly recurring to the flint 
and steel, which our forefathers of many genera- 
tions have used; and which will doubtless be 
the staple apparatus of our latest posterity. 

The more important part of the present in- 
quiry remains to be considered, the means 
namely of maintaining heat, when once ex- 
cited, to a sufficient extent and degree of in* 
tensity for the various purposes of social and 
civilized life. To this important purpose, among 
others, the products of the vegetable world, both 
in a fossil and recent state, are destined ; and 
in examining the origin and gen^*al history 
of some of these products, particularly with re- 
ference to common coal, we shall meet with an 
interesting example of those provisions of nature 
which Dr. Paley has denominated prospective 
contrivances. 

In the early periods of civilization, and while 
the population of a country bears a small pro* 
portion to the extent of soil occupied, the in* 
digenous forests easily supply an ample quan- 
tity of fuel : or, in the absence of those larger 
species of the vegetable kingdom which may be 
described under the term of timber^ the hum- 
blest productions of the morass, though not the 
most desirable, are however a sufficient sub- 
stitute. Thus the sphagnum palustre and otk^ 
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mosses, by their successive growth and decay, 
form the combustible substratum of those exten<r 
sive and at present uncultivated tracts in Ire- 
land, which, till they shall have happily been 
reclaimed by the indurtry of a yet barbarous 
population, contribute by the turf and peat 
which they affc»rd, to the comfort of myriads of 
individuals ; who, were it not for this source of 
supply, would be, in their present state, in total 
want <rf one of the principal necessaries of life. 

In many populous districts of this island, the 
aboriginal forests, which formerly so amply sup- 
plied the surrounding inhabitants, have long 
since been cleared from the surface of the earth : 
and their site is now occupied by cultivated 
lands and a condensed population. The former 
source of fuel has consequently in such parts 
long since failed : but the clearing of the surface 
has in many places detected that invaluable mi^ 
neral combustible, which, usually bearing in it- 
self indubitable marks of a vegetable origin, 
from the traces of organization still apparent in 
almost every part of its substance, was deposited 
ages before it was wanted, as a future substi- 
tute for the fuel which in the meantime has 
been derived from the actually existing veget- 
able kingdom. 

It is not intended here to enter into the gene- 
ral consideration of those geological formations 
called coal fields^ which are the repositories of 
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this useful mineral: but there is one circmn* 
stance in their history so evidently calculated 
to facilitate the labour of man in obtaining this 
substance, and to extend its supply, and so re-* 
markably though not exclusively characteristic 
of those particular formations, that, though not 
obvious to a general observer, it cannot fail to 
arrest the attention of those to wlu)m it is pointed 
out. A coal field may be represented, in a po-* 
pular description, as consisting of a successioH 
of alternating strata of coal and sand-stone, &c. : 
which, having been originally deposit^ in a 
basin-shaped cavity, in such a manner as to be 
at the same time parallel to the concave surface 
of the basin and to each other, have been sub* 
sequently broken up by some force that hu 
thrown the planes of the ruptured masses into 
various directions. Now, had the strata remained 
undisturbed, a very considerable propcNrtion of 
the coal which is now quarried would most pi»- 
bably never have been obtained by hunmn in- 
dustry: for, the strata dipping down fi'om the 
circumference towards the centre of the basui^ 
that perpendicular depth, beyond which it is 
practically impossible to work the coal, would 
soon have been reached in the operation of mint- 
ing. But, in consequence of the rupture mud 
consequent dislocation of the strata, many of 
those portions which were originally d^osited 
at such a depth beneath the sur&ce as w4Mild 
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bmre rendered the working of them impossible, 
haye been thrown up to the very surface ; and 
thus have become available to the miner. 

SECT. IV. 
The general Uses of Water. 

One of the earliest pditical punishments of 
ancient Rome affords an indirect but very re- 
markable proof, of the immediate importance of 
the elements of fire and water ^ to human life : 
for this punishment consisting, in part, in an in- 
terdiction from the use of water, compelled the 
indiridual so punished to fly from ins native 
neighbourhood, in order to obtain that neces- 
iary article of support elsewhere : and, hence, 
banishment and interdiction from fire and water 
became synonymous terms. There are few who 
have not experi^iced the uneasy sensation oc- 
casioned by even a temporary privation of this 
necessary: and the death that ensues upon a 

^ An apology mil hardly be required for applying the term 
etgmemt to a sabeitawoe, which thou^ it k&s loag been expert* 
Hientally ascertained to be a compound, will in a |K)puLur view 
be always considered as a simple body; especially if it be re- 
membered that even among the ancients this term did not neces- 
sarily imply that tiie substance so called was absolutely n simple 
or umcompounded body. It was suifficient with them, that^ in 
idl the known processes and phenomena of nature^ the substance 

• 

presented itself under the same essential form : but they were 
prepared to allow that elementary bodies (orotxcw) might possi- 
bly Ito resotved into absolutely simple piindples (apx<u). 
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continued privation of it is, perhaps, of all modes 
of death the most dreadful. This we l^um from 
the occasional accounts of indiyiduals who have 
escaped from shipwrecks, in which their com- 
panions had perished amidst the agonies of 
thirst. And it is said of those unhappy victims 
of a barbarous punishment, in Persia, (who be- 
ing immured in masonry as to every part of 
their body but the head, are left to perish in 
that state,) that they terminate their last hours, 
perhaps days, in incessant cries for water. 

The necessity of this element for our support 
may be antecedently inferred, on philosophical 
principles, from an examination of the physical 
composition of any animal body ; of which, in 
by far the greater number of instances, mcwre 
than three-fourths of the whole weight are due 
to the presence of water. This water of com- 
position may be easily separated by the appli- 
cation of a moderate degree of heat, or even by 
spontaneous evaporation at a common tempera- 
ture, without any further decomposition of the 
body; the muscles and skin consequently shrink- 
ing to such an extent, as to give the whole frame 
the appearance of a skeleton, enveloped, as it 
were, in parchment. Such a result is occasion- 
ally observable in human bodies which have 
been deposited in dry cemeteries ; and is by no 
means uncommon in the case of small animals, 
as rats, for instance, which having been acci- 
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dentally wedged in between a wall and a wains- 
cot, are subsequently found in the state above 
described. 

An experiment of a very simple character in 
itself, and very easily made, will serve to ascer- 
tain, not only the proportional quantity of water 
of composition contained in some forms of ani- 
mal matter, but also the properties communi- 
cated by the presence of that element thus com- 
bined. Every one has noticed the opaline or 
milky appearance and the remarkable elasticity 
of cartilage, or gristle, as it is more commonly 
called: which characters depend on the water 
contained in it; for if a piece of gristle, the 
weight of which has been previously ascertained^ 
be exposed to the air of a warm room, it will at 
the end of a few hours have lost a portion of its 
weight; and will have become nearly transpa- 
rent, and entirely inelastic : and if, in this state, 
it be immersed in water, it will gradually re- 
cover its original weight, and also its elasticity 
and opaline appearance. If, instead of gristle, 
a piece of boiled white of egg be employed, the 
same results will be observable; for, together 
with loss of weight and elasticity, it will become 
brittle, and nearly as transparent as pure am- 
ber : and on the other hand, by subsequent im- 
mersion in water, its original properties will be 
soon restored. By experiments nearly as simple 
as those above mentioned it may be demon- 
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strated, that all the liquid and solid parts of an 
miimal, with some few exceptKms, ccmtain or 
consist of more than three-fourths of their weight 
of water : the importance of which element in 
the mere composition of our body is hence di- 
rectly evident. 

But if we would have a familiar illustration of 
its importance in the daily and hourly occur- 
rences of life, let us in imagination accompany 
an individual of modemte rank and conditicm in 
society, from the time of his rising in the mom^ 
ing till the hour of sleep at night, in order to ob- 
serve the utility of water in administering either 
directly or indirectly to his various wants and 
habits. How great is the comfort, to say nothing 
of the salubrity of the practice, which ra»ults ta 
him from the application of water to the surface 
g£ the body, by means either of the bath or any 
simpler process! and, again, the chemge of ih^ 
linen in which he is partially clothed is rendwed 
equally comfortable and salutary, in consequence 
e£ its having been previously submitted to Uie 
process of washing* The infusion of cc^ee or of 
tea, which is probably an essential part of hit 
eariiest meal, could not have been prepared 
without water : neither could the flour of which 
his bread consists, have been kneaded ; nor ibe 
tood of hk subsequent meal, die broths and most 
<^ the vegetables at least, have been r^idered 
digiestible, without the aid of the same fluid ; 
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and with respect to his common beverage, whe-* 
ther milk, or any form of fermented liquor, water 
still constitutes the main bulk of that beverage. 

So far the use of water is directly and imme- 
diately necessary to his comfort and subsistence : 
but its indirect and remote necessity is equally 
observable in all that surrounds him. There is 
scarcely an article of his apparel, in some part 
of the preparation of which water has not been 
necessarily employed; in the tanning of the 
leather of his shoes ; in the dressing of the flax 
f^ which his linen is made ; in the dyeing of tl^ 
wool of his coat, or of the materials of his hat 
Without water the china or earthen cups, out of 
which he drinks, could not have been turned on 
tbe lathe ; nor the bricks, of which his house is 
tsonstructed, nw the mortar by which they are 
oetnented, hate foe«i formed. The ink with 
wUeh he writes, and the paper which receives 
it, could not have been made without the use (^ 
water. The knife with which he divides his 
lK>lid food, and the spoon with which he ccm- 
veys it when in a liquid form to his moath, could 
not have been, or at least have not probably been 
icam&i^ without the application of water during 
some port of the process of making them. 

By water the medical principle of various 
vegetable and mineral substances are extracted, 
and rendered pebble ^ which oocild not be in- 
troduced into the amraal system in a solid state : 
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and this element itself becomes occasionally a 
most powerful medicinal instrumoit by its ex- 
ternal application, in every one of its forms ; 
whether as a liquid, under the name of the cold 
or warm bath ; or in the form of ice, in restrain- 
ing internal inflammation and hemorrhage; or in 
the state of steam, as in the application of the 

vapour bath. 

SECT. V. 

Baths. 

The custom of bathing, whether in a medium 
of a high or of a low temperature, appears to be 
in a great measure derived from the gratificaticm 
of a natural feeling : for we find it prevalent in 
every country and in every stage of society, not 
only with reference to its medicinal effects, but 
as a mere luxury. Thus at every season of the 
year, when the sky is serene at least, the in^ 
habitants of hot climates plunge into their native 
streams for the sake of the refreshment impart- 
ed to the surface of their bodies ; and the same 
refreshment is equally sought by the natives oi 
colder climates during the heat of their short 
summer : in each of which instances the plea^ 
surable sensation is the principal motive for the 
practice. But on some occasions a more per- 
manent good is sought ; and the hope of imme- 
diate pleasure is so far from being the motive, 
that a sensation very nearly allied to pain, and 
in many instances less tolerable than pain itself. 
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is encountered in the shock of the cold bath, 
with a view to the preservation or restoration of 
health. It may be said perhaps that the glow 
of warmth which usually succeeds this shock is 
in itself a pleasure ; as indeed it is : but it may 
be presumed that very few individuals expe- 
rience any pleasure from the shock itself, or 
would consent to encounter it but for its plea- 
surable and beneficial consequences. 

For the enjoyment of the cold bath nature 
affords the immediate resource of springs and 
rivers, in almost every part of the world ; but 
the enjoyment of the warm bath is in general 
not easily attainable ; warm springs being com- 
paratively of rare occurrence : the pleasure of 
the warm bath however is so congenial to man's 
feelings, that it is sought for by savages as well 
as by the inhabitants of the most luxurious 
cities; and is as acceptable in tropical as in 
cold climates. 

It is at all times interesting to contemplate the 
expedients which human ingenuity discovers for 
the accomplishment of its purposes : but such a 
contemplation is more particularly interesting 
when it developes the revival of a principle, the 
knowledge of which had been buried during 
many centuries of intervening ignorance ; and 
thus justifies the reflection of moral wisdom: 

" Multa renascentur, quae jam cecidere."*' 

" The thing that hath been, it is that which shall 

I 
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" be ; and that which is done is that which shall 
" be done : and there is no new thing under the 
"sun." 

In a most amusing and instructiye account 
of Pompeii, which forms one of the volumes 
published under the name of the Library of En- 
tertaining Knowledge, is a dissertation on the 
Bath, of 4e Ancient ; which will a»ply repay, 
by the information it conveys, the time occupied 
in its perusal. In that dissertation is contained 
a description of the remains of some public 
baths, discovered in the excavations of Pompeii : 
and with reference to the disposition of the fur- 
nace of the baths a fact is stated, which is pecu- 
liarly applicable to our present purpose. 

It is evident that, in consequence of the enor- 
mous quantity of water which was daily heated 
in their public baths, the attention of the an- 
cients must necessarily have been directed to 
the most economical mode of applying the fud 
by which the heat of the furnace was main- 
tained : and the following extract from the above- 
mentioned account of Pompeii will shew that, 
even in a small town of ancient Italy, an econo- 
mical principle was well understood and applied 
eighteen centuries since, which has only been erf 
late revived in modem science. It is stated in 
that account (p. 152), that "close to the furnace, 
" at the distance of four inches, a round vacant 
" space still remains, in which was placed the 
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* copper for boiling water (caMarium) ; near 

* which, with the same interval between them, 

* was placed the copper for warm water (tqfi- 

* darium); and at the^'distance of two feet from 

* this was the receptacle for cold water (frt- 
' ^idarium). A constant communication was 

* maintained between these vessels ; so that as 

* fast as hot \fater was drawn oflf from the cal- 

* darium, the void was supplied from the tepi- 

* darium, which, being already considerably 

* heated, did but slightly reduce the tempera- 

* ture of the hotter boiler. The tepidarium in 

* its turn was supplied from a general reservoir: 

* so that the heat which was not taken up by 
^ the first boil^ passed on to the second ; and, 

* instead of being wasted, did its office in pre- 

* paring the contents of the second for the higher 

* temperature which it was to obtain in the first- 

* It is but lately that this principle has been 

* introduced into modern furnaces ; but its use 

* in reducing the consumption of fuel is well 

* known." 

In the same account of Pompeii is afforded a 
striking instance, with reference to the vapour 
bath, not only of the similarity of the means 
employed for producing a similar effect, by in- 
dividuals between whom no communication can 
be traced or even supposed ; but also a similarity 
of custom, with reference to the enjoyment of 
social intercourse, between communities not less 

i2 
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widely separated from each other by time and 
space, than by degree of civilization ; between 
the luxurious inhabitants of imperial Rome 
eighteen centuries ago, and the sayage tribes of 
north-western America at the present, day. 
liie author of the account of Pompeii states 
(p. 187 — 190), on the authority of Tooke's Rus- 
sia, ^^ that the Russian baths, al^ used by the 
** common people, bear a close resemblance to 
** the vapour bath (laconicum) of the Romans. 
They usually consist of wooden houses^ situ^ 
ated, if possible, by the side of a nHnning 
" stream. In the bath-room is a large vaulted 
^ oven, which, when heated, makes the paving 
^^ stones lyitig upon it red hot ; and adjoiniiig 
" to the oven is a kettle fixed in masonry for 
** the purpose of holding boiling water. In th^se 
" parts of the country where wood is scarce, the 
" baths sometimes consist of wretched caverns, 
" commonly dug in the earth close to the bank 
" of some river. The heat in the bath-room is 
usually from 104^ to 122^ of Fahrenheit ; and 
may be much increased by throwing water on 
the glowing hot stones in the chamber of the 
"t>ven. The Russian baths therefore are va- 
pour-baths ; and it appears that even the sa* 
vBge tribes of America are not wholly unac- 
quainted ^ with the use of the vapour^bath* 
^* Lewis and Clarke, in their voyage up the Mis- 
*^ souri, have described one of these in the fol- 
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** lowing terms: * We observed a yapour-bath, 
'* con^ting of a hollow squiare.of six or eight 
feet deep, formed m the river bank by dam- 
ming up with mud the other three sides, and 
correring the whole completely, except an aper- 
** ture about two feet wide at the top. The 
*^ bathers descend by this hole, taking with 
" them a number of heated stones, and ji^ 
" of water ; and, after being seated round the 
" room, throw the water on the stones till the 
" steam becomes of a temperature sufficiently 
^^ hi^ fof their purposes ^'" 

It appears then, from the foregoing statement, 
that the pes^smts of Russia, and the savages of 
North America, are in tte habit of employing 
the same means for converting water into va- 
pbur, which were employed by the Romans at 
the most k^urious period in their history : and 
to the 'peasants of Russia and the savages of 
North America, may be added the natives of 
New Zealand' and other islands of the Papific 
ocean ^: merdy with this qualificatiim, that they 
employ tiie steam, so raised, not for the purpose 
of a vapour-bath, but of dressing their food. 

It is worthy of notice, as illustrative of the 
social feeling inherent in human nature, that, 
equally among the uncivilized natives of Ame- 
rica as among the luxurious inhabitants of an- 

i Sauer^ in his account of BiUings's expedition, describes the 
same kind of bath as used in north-western America (p. 176). 

l3 
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cient Italy, ** it is very uncommon for an indi- 

" vidual to bathe alone ; he is generally accom- 

^^ panied by one, or sometimes seyeral, of his 

^' acquaintance : bathing indeed is so essentially 

a social amusement, that to decline going in 

to bathe, when invited by a friend, is one of 

the highest indignities that can be offered to 

him" (p. 190). 

SECT. VL 

The Fluidity/ of Water. 

Familiarized as we are to the -consequences 
resulting from that property of water, whereby its 
particles move so easily among themselves as to 
yield to the least impulse, provided there be space 
for yielding, we rarely perhaps meditate on its 
importance : and yet it is entirely owing to this 
property that a free communication is capable 
of being maintained between distant parts of the 
worid by means of the ocean at lai^e, and be- 
tween different parts of the same country by 
means of navigable rivers; or by those more 
than rivals of navigable rivers, artificial canals^. 

Rarely also, perhaps, do we meditate on the 
equally important fact, that, throughout the 
greater part of the world this element usually 

^ It' has been stated^ on credible authority, that an agent of 
a great proprietor of canals being incidentally asked^ during a 
legal examination^ for what purpose he conceived rivers had 
been made, answered, '' that, no doubt, they were intended to 
" feed canals." 



TO THE PHY8ICAL COi^DITION OF MAN. 119 

exists in a liquid state : and important indeed is 
that fact ; for, of the three states under which it 
is capable of existing, namely of ice, water, and 
vapour, if its predominant state had been that 
ei ice or of vapour, philosophers might possibly 
have conjectured, but the world could never 
have seen realized, the mighty results of com- 
merce as depending on the art of navigation. 

From the same physical character of water, 
above described, namely, its fluidity, manifest- 
ing itself actively instead of passively, are daily 
produced remilts of equal importance to society, 
and equally surprising in themselves. Who in- 
deed can adequately describe the advantages 
derived from water in aiding the powers of me- 
chanism, from the half-decayed and moss-grown 
wheel that scarcely sets in motion the grinding- 
stone of the village mill, to the astonishing mo- 
mentum of the steam engine which kneads a 
hundred tons of heated iron with as much ease 
as the hands of the potter knead a lump of clay ! 

And here, since it is of the utmost importance 
to mankind that this element should usually 
exist in a liquid state, let us pause a while to in- 
vestigate the means employed by nature to pre- 
vent its rapid conversion either into vapour or 
into ice. For although its partial existence in 
both those states is perhaps eventually as neces- 
sary to the general good of the world as its more 
common state of water, yet, if its sudden or rapid 

i4 
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conversion into either were not prevented, great 
temporary evil would necessarily ensue from our 
privation of it as a liquid. 

It has been already mentioned that the atmo- 
sphere constantly holds in solution or suspension 
a great body of water, in a state of minute divi- 
sion : but the quantity that can be carried up 
into the atmosphere by the process of evapora- 
tion is limited in two ways ; first, by the air's 
incapability of holding in suspension more than 
a certain proportion ; and secondly, by the re- 
straining eflfect of the pressure erf the atmo- 
sphere. But the rapid evaporation of water is 
also prevented by the comparatively low tempe- 
rature at which all its natural forms exist, even 
in tropical latitudes. 

The prevention of the sudden conversion of 
water into ice depends on a peculiarity in its 
physical constitution, which is no less remark^ 
able in a simply philosophical point of view, 
than beneficial in its result to the great bulk of 
mankind. Water, in common with all other 
forms of matter, is gradually contracted in its 
volume by a diminution of its temperature ; and 
ultimately passes into a solid stste. It does not 
however continue to be condensed to the mo- 
ment of its congelation, but only to a certain de- 
gree of temperature ; from whence it begins to 
expand ; and continues to expand till it arrives 
at the point of congelation. 
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In this deyiatian from a general law we find a 
Teiy beneficial accommodation to the wants of 
man : for had it been the property of water to 
become more and more condensed as it ap- 
proached the point of congelation, one of the 
consequences would have been that lakes jand 
riyers, instead of becoming gradually frozen from 
the surface towards their bed, would almost in a 
moment have become one solid mass of ice : and 
the evil that would be produced by such an ef- 
fect may be conjectured, by considering that 
whenever a long protracted and severe frost has 
thickened to an unusual extent the superincum- 
bait stratum of ice, the difficulty of breaking 
through this stratum, in order to arrive at the 
water beneath, is proportionally increased, and 
sometimes becomes practically insuperable. 

It will be interesting to trace the steps by 
which this providential law of nature is mani- 
fested : and the whole process is easily rendered 
intelligible to any one who will simply bear in 
mind these three points, namely, that the aver- 
age temperature of lakes and rivers is during 
the heat of summer more or less above the 40tli 
degree of Fahrenheit's scale ; that water itself at 
about the 40th degree is of its greatest density ; 
and that under all common circumstances it 
freezes, or becomes solid, at the 32d degree. If 
we suppose then the temperature of a pool or 
lake to equal at any given moment the 50th de- 
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gree of Fahrenheit ; and a gradual reduction of 
its temperature to take place from that moment 
by the eflfi^Jt of a constantly diminishing tem- 
perature of the air ; under such circumstances 
the following phenomena would occur. The 
particles of the water at the surface becoming 
more condensed, that is heavier, as they became 
cooler, would sink towards the bottom, and be 
replaced by the hitherto subjacent particles; 
which in their turn, undergoing a similar de- 
crease in their temperature and condensation, 
would consequently subside towards the bot- 
tom ; till at length the whole mass of water had 
arrived at the temperature of about 40^. From 
this point any progressive decrease of tempe- 
rature would have an expansive eflfect upon the 
particles of water near the surface ; which, being 
thus rendered relatively lighter than- the parti- 
cles of the subjacent mass, would not subside; 
but, remaining on the surface, would continue 
to be expanded and made still lighter till they 
had reached the temperature of 32° ; at which de- 
gree, under ordinary circimistances, they would 
freeze. But the coat of ice thus formed would 
be, in some measure, a barrier to the' eflfect of 
the colder atmosphere upon the bulk of the 
water beneath; which consequently would re- 
main for a comparatively longer time in a 
liquid state ; and would be easily procured for 
general purposes, by making partial openings 
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through the frozen surface. Now if the density 
of water continued to increase in a regular pro- 
gression to the moment of congelation, it would 
necessarily happen, from the sinking of the par- 
ticles gradually thus condensed, that at some 
given moment the temperature of the whole 
mass, still in a liquid state, would have arrived 
at the freezing point; and consequently the 
whole mass would have been frozen, or be- 
come solid, at the same moment. The possi- 
bility of such a simultaneous congelation is not 
merely a philosophical deduction, it sometimes 
actually occurs. Thus, under certain circum- 
stances, particularly if kept entirely free from 
agitation, water, still retaining its liquid form, 
may be cooled down to a point several degrees 
below that of congelation ; when, upon a slight 
agitation, the whole mass is converted at once 
into the state of ice. 

SECT. VII. 
The natural Sources of Water, 

For the supply of a substance of such imme- 
diate necessity to the very existence of man, 
and of such extensive utility in promoting his 
comforts, nature has provided the amplest means ; 
all however ultimately derived from that mass of 
water which has been carried up into the at- 
mosphere by evaporation from the sea : so that 
if that evaporation were to fail, all forms of ani- 



124 ' ADAPTAVION OF THE ATMOBPHBRE i V 

mal and vegetable matter, with the exception of 
those which belong to the ocean itself, WonW 
soon perish ; for under such circumstances the 
earth would be deprived of those seasonable 
showers, without which its vegetable produc- 
tions could not be sustained ; and every spring 
Vould soon fail, and every river be dried up : 
for rivers are in most instances formed by the 
progressive accumulation of various torrents; 
and these are produced by that portion of mm 
which, having fallen upon the ridges andjin-t 
clined surfaces of hills and mountains, desfcends 
more rapidly than the soil can absorb it : and 
springs result, in a manner that will be hereafter 
mentioned, from the accumulation of that por- 
tion of the rain which sinks beneath the surfece 
on which it has fallen. But it is evident that if 
the vegetable world were to perish, the animal 
world could not long survive. 

Nor are the laws by which the moisture, con- 
tained in the atmosphere, is precipitated from it 
in dews or rain^ among the least admirable in- 
stances of the provision made by nature for a 
constant supply of the wants of man; 

The mechanism, if the term be allowable, by 
which the formation • of clouds and the occas- 
sional descent of rain are regulated, resides in 
the variableness of the state of the heat and 
electricity of the atmosphere : in consequence of 
which a given mass of air is incapable of re-^ 
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taining, in salution or suspension, the same quan- 
tity of moisture which it did before ; and hence 
that moisture is precipitated in the form of dews 
and fogs; or, being previously condensed into 
accumulated masses of clouds, is discharged from 
those clouds in the form of rain. 

It almost seems puerile to illustrate the adap- 
tation of the present laws and order of nature to 
the wants, of man, by the supposition of the con- 
Bequences that would ensue from a failure of those 
^aws ; and yet, as in actual life we often feel not 
the value of the good which we possess, till ad- 
monished by the prospect of its loss ; so, with 
reference to the constitution of nature, we may 
more forcibly be impressed with the conviction 
of its general harmony and subserviency to our 
wants, by the supposition of its being different 
from what it is, thjpi by the direct contemplation 
of its actual state. Jn supposing then that means 
itad not been provided for the regular discharge 
of pk)rtions of that mass of water which has been 
carried up into the • atmosphere by the process 
of evaporation, the existence of that mass would 
have been of little avail to man : for mere cout 
tact of an atmosphere, however moist, could not 
promote vegetation to any useful extent^; and 

1 Niebuhr asserts, what is confirmed by other travellers, that 
many tracts in Egypt and Palestine, formerly well cultivated and 
fertile, are at present mere deserts for want of irrigation. (Des- 
cript. de T Arabic, p. 241.) 
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the formation of springs and rivers would be as 
effectually prevented by rain cea^ng to fall frcmi 
the atmosphere, as if the material of the rain it- 
self did ttot exist in it. 

Of the modes in which nature disposes of the 
rain that has fallen on the earth, and of the 
formation of natural springs and rivers, more 
particular notice will be taken hereafter : but it 
may be observed by the way, that, although 
there is scarcely any substance which water is 
not capable of dissolving to a certain extent, 
and consequently no natural form of water is 
pure, yet in almost every instance the natural 
forms of water are not only innocuous, but sa- 
lutary. 

SECT. VIII. 
The Air of the Atmosphere^ as connected with RespircUion. 

If we suppose the atmosphere deprived of 
heat, and light, and moisture, and of all thoi^ 
other heterogeneous particles which are either 
naturally or accidentally contained in it ; there 
still remains the medium which is the receptacle 
or vehicle of those various substances : and this 
medium is indeed that, which in common appre- 
hension is understood to be the atmosphere it* 
self. 

Of the vital importance of atmospherical air 
no formal proof can be required ; for every one 
capable of the least reflection must know that 
its presence is almost constantly necessary to the 
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existence of man, from the moment of his birth 
to that of his death. Of all other external aids 
we may be deprived for a comparatively long 
time without danger, or even without much in- 
convenience ; of light and heat for instance, and 
of food and sleep : but we cannot be deprived of 
the air which we breathe even for a very few 
minutes, without dreadful distress; or, if for 
more than a very few minutes, without the ex- 
tinction of life. 

This vital importance of the air depends, prin- 
cipally, on its capability of assisting to withdraw 
from the body, chiefly through the agency of the 
lungs, portions of that peculiar principle called 
carbon ; the permanent retention of which would 
be incompatible with the continuance of life. 
And the union of this principle with one of the 
constituent parts- of atmospherical air is pro- 
bably effected in the lungs during the process of 
respiration ; the compound passing off* in the act 
of expiration, in the state of an aeriform fluid, 
called carbonic acid gas. 

But, in order to give a clear idea of the nature 
of the process of respiration, it will be necessary 
to explain more particularly not only the con- 
stitution of that portion of the atmosphere which 
supports this process, but some of its chemical 
relations to other substances. Atmospherical air 
then, considering it in its adaptation to the pro- 
cess of respiration, consists of a mixture or com- 
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bination of two aeriform fluids, -whieh are very 
different from each other in character, but inti- 
mately blended together in the proportion of four 
to one. Of these two fluids, that which is in the 
smaller proportion is not only capable of sup- 
porting life, when respired or breathed alone; 
but is capable of supporting it for a much longer 
period than an equal volume of atmospherical 
air would have supported it : and if, instead of 
being employed for the process of respiration, it 
be made the medium of supporting combustion, 
the consequent phenomena are still more re-? 
markable; for the combustible body not only 
burns for a longer time tjian it would have done 
in the same quantity of atmospherical air, but it 
burns with an intensity much more vivid ; the 
light of the flame being m many instances too 
powerful to be easily borne by the eye. On the 
other hand, that constituent part of atmospherical 
air, which is in the greater proportion, not only 
will not support either life or flame, even for a 
short time, but extinguishes both, almost in an 
instant. 

By numerous experiments, which it is at pre- 
sent unnecessary to describe, it has been ascer- 
tained, that many of the metals are capable of 
attracting and combining with this respirable 
part of the air : during which process the me- 
tallic body assumes an earthy character, and be- 
comes increased in weight ; while the weight of 
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the air, in which the experiment has been con- 
ducted, becomes diminished exactly to the 
amount in which that of the metal has been in- 
creased: and, at the same time^ the residuary 
portion of the air which has been employed in 
the experiment equals only about four fifths of 
the original volume; and is now incapable of 
supporting either life or flame. But, by pro- 
cesses well known to chemists, the metallic sub- 
stance may be made to yield a quantity of air 
equalling that which has been lost during the ex- 
periment, the metal at the same time returning 
to its original state and weight; while the air, 
thus separated, if added to the residual portion, 
not only restores the volume and weight of the 
original quantity ; but also its power of support- 
ing life and flame. 

If, instead of a metal, certain inflammable 
i^ubstances be employed, similar changes are ef- 
fected on the air; and the inflammable sub- 
stance, together with an increase of weight and 
other alterations, acquires acid properties ; and 
hence that respirable portion of the air has, from 
a Greek derivation, been called oxygen; as being 
the efiective cause of the acidification of those 
inflammable bodies. It has moreover been 
ascertained that, during combustion, a piece 
of pure charcoal weighing twenty-eight grains 
combines with as much oxygen gas as would 
weigh seventy-two grains : and, as the volume 

K 
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of the gas employed remains the same at the 
end of the experiment that it was at the be- 
ginning provided it be brought to the same de* 
gree of temperature and atmospherical pres- 
sure, it appears that the carbon is as it were 
held in solution by the gas: and as this che^ 
mical compound of carbon and oxygen pos* 
sesses acid properties, it is called carbonic acid 
gas. 

A volume of this gas, then, which weighs one 
hundred grains, consists of twenty-eight grains 
of carbon chemically combined with seventy- 
two grains of oxygen : and it has certain pro- 
perties, by which, without the labour of actual 
analysis, it may be recognised from any other 
gas; among the more important of which, for 
our present purpose at least, is the readiness 
with which it communicates a wheyish appear- 
ance to lime-water, when made to pass through 
that liquid. Making use of this character as 
a test, any individual may easily satisfy him^ 
self that during the process of respiration a 
quantity of carbonic acid gas passes from his 
lungs : for if, after having inhaled a portion of 
atmospherical air uncontaminated with any mix- 
ture of it, he breathe slowly through a narrow 
tube, the further extremity of which is immersed 
beneath the surface of a portion of lime-water, 
he will observe that as the bubbles of air rise 
through the lime-water, that liquid becomes 
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opaque ; and the opacity thus communicated to 
the water can be shewn to be the result of a 
compound formed by the union of the carbonic 
acid, which has evidently been given out from 
the lungs, with the lime previously held in solu- 
tion in the lime-water. 

Let it now be kept in mind that a hundred 
cubic inches of carbonic acid gas, under ordi- 
nary circumstances, weigh a little more than 
forty-six grains; and that a quantity of the 
same gas weighing a hundred grains contains 
twenty-eight grains of carbon ; and the follow- 
ing statement will be easily intelligible. It ap- 
pears, from experiments which have been made 
for the purpose, that during the process of re- 
spiration in an individual of ordinary size arid 
health, about twenty-seven cubic inches and a 
half of carbonic acid gas are given oflF from the 
lungs in the course of one minute ; which at the 
end of twenty-four hours would amount to 39,600 
cubic inches, or in round numbers 40,000 ; and 
as 100 cubic inches weigh 46^ grains, 40,000 
would weigh 18,532 grains. Then, since a quan- 
tity of carbonic acid gas weighing 100 grains 
contains twenty-eight grains of carbon, a quan- 
tity weighing 18,532 grains would contain 5190 
grains, or nearly eleven ounces, at 480 grains 
to an ounce : so that a quantity of carbon equal- 
ling two thirds of a pound in weight is daily dis- 

k2 
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charged from the blood by means of the simple 
process of respiration. 

In ah illustration of the general question of 
the adaptation of external nature to the physical 
condition of man, it is clearly immaterial whe- 
ther, during the process of respiration, the car- 
bonic acid is supposed to be produced by the 
union of the carbon of the animal system with 
the oxygen of the air respired ; or whether, as 
is possible, the carbonic acid, having been pre- 
viously formed in the body at lai^e, is given off 
in the form of carbonic acid gas from the lungs, 
while the oxygen gas of the atmosphere is ab- 
sorbed by those organs. The main point to be 
considered is, the fact of the removal of that cjuan- 
tity of carbon, which could not be retained with 
safety to the life of the individual : and when we 
consider that the entire quantity of the carbon^ 
thus discharged, is collected from every the most 
interior and remote part of the body, how worthy 
of admiration is the economy of nature in pro- 
ducing the intended effect ! The air is the me- 
dium through which the carbon is to be dis- 
charged ; and yet the constitution of the body 
is such, that the air could scarcely be introduced 
into any of its internal parts without occasioning 
the most serious consequences, if not death it- 
self: but by means of the circulation of the blood, 
that beautiful contrivance intended primarily for 
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sustaining the nourishment and wannth and life 
of every part, the noxious principle is conveyed 
to the lungs ; where it is of necessity brought, if 
not actually, yet virtually, into contact with the 
air ; and thus it is eflfectually removed from the 
system. 

SECT. IX. 

EffecU of the Motion qfthe Air^ cls connected with 

Humcm Healthy <$*c. 

In the history of water we had an opportu- 
nity of observing how extensive are the benefits 
arising to mankind from that physical property, 
by which its particles are capable of moving 
with the greatest ease among each other: nor 
are the benefits less considerable, which arise 
from the same property in the element now 
under consideration ; especially when aided by 
those alterations in its volume, which follow upon 
every change of temperature: for from these 
combined causes arise those currents of air, 
which administer, in various modes, as well to 
the luxury and comforts of man, as to his most 
important wants. 

Who does not see the miseries that would re- 
sult from a stagnant atmosphere ? To the house- 
less and half-clothed mendicant indeed, who 
under exposure to a wintry sky instinctively 
collects his limbs into an attitude as fixed as 
marble, lest by their motion he should dissipate 
the stratum of warmer air immediately surround- 
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ing his body — ^to such jm individual indeed, un- 
der such circumstances, a stagnant atmosphere 
becomes a benefit of the highest value ; not only 
by preventing or moderating the painful sensa- 
tion of cold ; but by preventing the dissipation 
of that degree of heat which is necessary for the 
preservation of the vital principle, which in his 
unsheltered state might otherwise possibly be 
soon extinguished. But let circumstances be 
reversed ; and, instead of the wretched beggar 
exposed to an inclement sky, let us picture to 
ourselves an Asiatic prince surrounded by all 
the luxuries which power and opulence can pro- 
cure, but oppressed by the sultry atmosphere of 
a burning sun; how grateful to his feelings is 
the refreshing coolness occasioned by the arti- 
ficial agitation of the surrounding air : in order 
to extend the means of obtaining which gratifi- 
cation, fountains of water are customarily intro- 
duced into the interior rooms of Indian and 
Arabian palaces, the evaporation of the spray 
of which gives a refreshing coolness to the air. 
Or let us recur to scenes more familiar, and 
more illustrative of the effect produced ; to the 
bedside of the almost exhausted invalid, whose 
existence is alone made tolerable by the assidu- 
ous supply of fresh streams of air : there let us 
witness, in the thankful smile which animates 
his pallid countenance, the soothing sensation 
which the languid sufferer experiences. Even 
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for such a momentary solace, what, of all his 
most valuable possessions, would not every one 
of those miserable victims have surrendered, 
who once perished in that dreadful dungeon of 
Calcutta? 

In many instances nature tempers the high 
degree of heat belonging to particular climates, 
by the periodical recurrence of cooling winds at 
stated hours of the day. Thus, in the islands 
and on the coasts in general of the tropical re- 
gions of the earth, the alternations of what are 
called the sea and the land breeze are of the 
highest importance to the comfort and health 
of the inhabitants: of which the following state- 
ment, taken from an official paper on the medi- 
cal topography of Malacca, furnishes a suflScient 
illustration "^. " The Malay peninsula possesses, 
" though within the tropics, and almost under 
" the equator, a very equable temperature and 
" mild climate. Whatever be the prevailing 
" wind, the sea-breeze generally sets in from 
" the south between ten and twelve in the mom- 
" ing, and continues till six or seven in the even- 
" ing ; when, after a short calm, the land wind 
" begins to blow from the north-east : and so 
" constant are these breezes, that, unless dur- 
ing a storm, the influence of the monsoon i9 
scarcely perceptible. And so uniform is their 

» Printed at the goveminent press, Pinang, 1830. See the 
Edin; Med. and Surg. Journal, for July 1831, p. 179. 
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effect, with respect to the temperature of the 
air, that, throughout the year, the variation 
does not exceed fourteen or fifteen d^rees of 
Fahrenheit ; being rarely higher than eighty- 
eight degrees, or lower than seventy-four de- 
" grees/' 

And though the hurricanes, to which these 
regions are frequently exposed, are occasionally 
most dreadful in their effects upon the property 
and even the lives of the inhabitants; yet we 
may not only be assured on general principles 
of reasoning that in the main they are beneficial, 
but on some occasions we have immediate de- 
monstration of their remedying a greater evil. 
Thus when swarms of a peculiar species of ant 
had, during many years, ravaged the island of 
Grenada, to so serious an extent that a reward 
of twenty thousand pounds had been offered to 
any one who should discover a practicable me- 
thod erf destroying them; and when neither 
poison nor fire had effected more than a partial 
and temporary destruction of them, they were 
at once swept away by a hurricane and its ac- 
companying torrents of rain. Of the numbers 
in which these insects occurred, some estimate 
may be formed from the following statement of 
an eyewitness of credible authority ; who says 
he had seen the roads coloured by them for 
many miles together; and so crowded were 
" they in many places, that the print of the 
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" horse's feet was in a moment filled up by the 
" surrounding swarms "." 

We who rarely are oppressed, for more than 
a few hours in a whole summer, by such a state 
of the atmosphere as occasionally precedes a 
thunderstorm, when no friendly breeze inter- 
poses to remove the close and humid stratum of 
air which envelopes our bodies, may well be 
thankfdl that our lot has not been cast in cer- 
tain regions of the earth ; in those Alpine val- 
leys, for instance, whose scarcely human inha^ 
bitants attest the dreadful consequences of a 
confined atmosphere : the influence of which 
often afiects not only the present sensations and 
comforts, but even the intellectual, and eventu- 
ally the moral character, of those who are ha- 
bitually exposed to it. 

It appears, from recent inquiries, that the phy- 
sical and intellectual and moral degradation, so 
often observable in the inhabitants of mountain 
valleys in general, but noticed particularly in 
the valleys of the Rhone, may be referred with 
probability, among other causes, to a stagnant 
atmosphere; and to the reverberation of heat 
from the sides of the mountains which bound 
those valleys, cooperating ^ith an alternation of 
piercing winds : the degree of that degradation 
at least is always proportional to the action of 
those causes. 

Q Philos. Trans. 1790, p. 347- 
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It is not necessary here to dwdl minutdjr on 
the disgusting alteration which the human be^ 
ings, now particularized, undergo: those who 
are desirous of such information may consult a 
very recent work by Dr. James Johnson ®. All 
that is here intended is a statement of the gene*' 
ral fact. And it appears that, in the milder 
instances, the principal alteration which takes 
place is an enlargement of the thyreoid gland ; 
which enlargement is by medical men called 
hronchocele, and by the inhabitants of the Alps 
goitre P. In the instances of extreme alteration, 
the stature rarely reaches the height of five feet; 
the skin becomes unnaturally discoloured, and 
disfigured by eruptions; the limbs distorted; 
and the cretin^ for so he is denominated in this 
state, is frequently, in addition, both deaf and 
dumb, and entirely idiotic. Between the state 
of simple goitre and that of most perfect cretin- 
ism the degree of alterations are innumerable* 
And, as indicating th^ connexion between this 
unnatural state of the individual, and the atmo*- 
sphere which he habitually respires, the follow- 
ing observation is worthy of attention. " In the 

o Change of Air, &c. by James Johnson, M. D. London, 8vo. 
1831. 

P Sodi an enlargement we often in this country witness in 
individuals, who, in every other respect, are so far from being 
deformed, that they are frequently remarkable both on account 
of their beauty, and the symmetry and full developement oH 
their whole body. 
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" Vallais," and " in the lower gorges or ravines 
" that open on its sides, both cretinism and goitre 
prevail in the most intense degrees : as we as- 
cend the neighbouring mountains, cretinism 
disappears, and goitre only is observed ; and 
" when we reach a certain altitude, both mala- 
^ dies vanish*!." 

Among the physical effects of the motion of 
the air, that of sound is among the most remark- 
able and important: of the intimate nature of 
which, however, and of the laws that regulate 
its transmission, I should not speak more par- 
ticularly, even if I felt myself competent to the 
task; being a subject of too abstruse a cha- 
racter in itself to claim a close investigation in 
a treatise like the present : besides which, it will 
be examined in a separate treatise by others. 
Whatever may be the moral effects either of 
simple sounds, or of certain combinations of 
sounds, and such effects though apparently of 
a fugitive character are occasionally very power- 
ful, there can be no doubt that particular sounds 
act physically on our frame. Thus the gentle 
murmur of running water, or the repetition of 
any simple tone, even though not agreeable in 
itself, is calculated to soothe the whole nervous 
system so as to induce sleep. There are few 
perhaps who have not experienced such an ef- 
fect, from long continued attention to a public 

q Change of Air &c. p. 58. 
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speaker ; and an apparent, though probably not 
the legitimate, proof of the effect having been 
produced by the sound of the voice of the speaker 
is derived from the fact, that, upon his ceasing to 
speak, the sleeper usu^dly awakes. Th^e are 
few, again, who have not known from personal 
experience that certain tones affect the teeth 
with that peculiar and unpleasant sensation fa- 
miliarly described under the term, set on edge. 
Even in the appalling sensation excited by 
thunder, the mind is probably overawed by the 
physical effect produced on the nervous system 
by the crash, rather than by any apprehension 
of danger from the thunder itself : for that sensa- 
tion is usually excited even in those who are 
most assured that no danger is to be expected 
from the loudest crash of the thunder, but only 
from the lightning which accompanies it. Nor 
is it unreasonable to suppose that an analogy 
exists between the sense of hearing and the 
other senses, with reference to the objects of 
their several sensations : and since in the case 
of taste, of sight, of smell, and of touch, some 
objects are on reasonable grounds conjectured 
to be naturally offensive, while others are agree- 
able to the respective senses; why, it may be 
asked, should not the same relations hold with 
respect to the ear and the peculiar objects of its 
sensation ? Evelyn well observes, that the boun- 
tifiil Creator has left none of the senses which 
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he has not gratified at once with their most 
agreeable and proper objects. 

Of all the objects of sense, sound perhaps, 
as a principle of mental association, the most 
powerfully excites a recollection of past scenes 
and feelings. Shakspeare briefly elucidates this 
principle in these lines : 

Yet the first bringer of unwelcome news 
Hath but a losing office ; and his tongue 
" Sounds ever after as a sullen bell, 
'^ Remembered knoUing a departed friend.*^ 

Hbnry IV. Part II. Act I. Scene 1. 

The author of the " Pleasures of Memory" 
not less forcibly illustrates the same principle. 

" The intrepid Swiss, who guards a foreign shore, 
" Condemned to climb his mountain cliffs no more, 
** If chance he hear the song so sweetly wild, 
^^ Which on those cliffs his infant hours beguiled, 
** Melts at the long-lost scenes that round him rise, 
^^ And sinks a martyr to repentant sighs.'^ 

Rogers, &c. page 21, line 1. 

Nor is the principle less powerfully illustrated 
in that most beautiful Psalm beginning with the 
words, " By the waters of Babylon we sat down 
" and wept :" for who can read that affecting 
apostrophe, " How shall we sing the Lord's 
" song in a strange land," without entering into 
all the pathos of the scene represented by the 
sacred poet to the imagination ? 

It is said to be the opinion of the Hindoos, 
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and though not of much value in argument, there 
is at least a metaphysical elegance in the opin- 
ion, that the remarkable effects of music on the 
human mind depend on its power of recalling to 
the memory the airs of paradise, heard in a state 
of preexistence. 

But, if an individual instance of the truth of 
the present position were to be selected, it would 
not be possible perhaps to find one more im- 
pressive than that which has been recorded of 
the late emperor of the French. It is said that 
at that period of his life, when the consequences 
of his infatuated conduct had fully developed 
themselves in unforeseen reverses. Napoleon, 
driven to the necessity of defending himself 
within his own kingdom with the shattered rem- 
nant of his army, had taken up a position at 
Brienne, the very spot where he had received 
the rudiments of his early education ; when, un- 
expectedly, and while he was anxiously em- 
ployed in a practical application of those mili- 
tary principles which first exercised the ener- 
gies of his young mind in the college of Brienne, 
his attention was arrested by the sound of the 
church clock. The pomp of his imperial court, and 
even the glories of Marengo and of Austerlitz, 
faded for a moment from his regard, and almost 
from his recollection. Fixed for a while to the 
spot on which he stood, in motionless attention 
to the well known sound, he at length gave 



TO THE PHYSICAL CONDITION OF MAN. 143 

Utterance to his feelings; and condemned the 
tenour of his whole subsequent life, by con- 
fessing that the hours, then brought back to 
his recollection, were happier than any he had 
experienced throughout the whole course of his 
tempestuous career. He might perhaps with 
truth have added, when looking at the various 
objects of the surrounding scenery, 






I feel the gales, that from ye blow, 
A momentary bliss bestow.*** 



Perhaps also during this moment, and in mak- 
ing a confession so humiliating, he actually did 
experience that moral state represented by Mil- 
ton to have been felt by the fallen angel — 

** Thrice he essayed (to speak) ; and thrice, in spite of scorn, 
** Tears, such as angels weep, burst forth — "^ 

But the effect produced on his mind seems to 
have been momentary ; at least it certainly did 
not alter his course of action. And too probably 
he was at that time rather tormented by re- 
morse, than softened by repentance ; a state but 
little favourable to the adoption of better coun- 
sels, even if he could then have retrieved his 
fortunes by such a change. 
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SECT. X. 
Effects of the Motion of the Air 9 as connected with the 

I PROCEED now to consider the effects of the 
atmosphere, while in a state of motion, in aiding 
the various arts and operations of civilized so- 
ciety: in which the action is sometimes ex- 
plicable on mechanical, sometimes on chemical 
or on physical principles. 

It would not be a short or easy task to enu- 
merate the various substances which require to 
be deprived of all sensible moisture, in order to 
be applicable to the immediate purposes of life ; 
or in order to be capable of being preserved in a 
state fit for future use: and the separation <rf 
that moisture which they may contain in their 
natural state, or which they may have accident- 
ally contracted, can in general only be effected 
by exposure to the open air : but as that por- 
tion of the air, which is in contact with the 
moistened substance, would soon be so far sa- 
turated with the vapour arising from it as to be 
incapable of absorbing more, it must necessarily 
be replaced by successive portions of fresh air ; 
in order that the substance may be thoroughly 
dried : and hence we see the advantage of cur- 
rents of air, or, in common language, of the 
wind, for the purposes in question. Without 
the aid of such currents, the grass newly mown 
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would often with difficulty be converted into 
hay : and with still more difficulty would that 
conrersion take place should it during the pro- 
cess, as is most likely to happen, be exposed to 
rain. The same difficulty would occur, but at- 
tended with much more serious effects, in the 
case of sheaves of wheat or barley, which having 
been once drenched with rain would be ren- 
dered unfit for producing bread, unless the 
moisture were soon dissipated: and with re- 
spect to the process of reducing the com itself 
to the state of meal, that is, in common lan^ 
guage, of grinding it; although many other 
mechanical means are capable of being applied 
to that purpose, who does not see the advan- 
tages of the common windmill, even where 
other means are available, which in many 
places they wimld not be ? but windmills would 
themselves be unavailable, were there no cur- 
rents of air to set them in motion. 

In the drjring of m<Hs(ened linen, and of paper 
iiewly made ; in the seasoning, as it is called, of 
wood; and on numerous other occasions, the 
same advantages occur from the same cause, 
and are explicable in the same way. But there 
is one instance, of very fjBimiUar occurrence, 
where the efiect of a free ventilation is pro- 
ductive of the greatest oraafort. At the break- 
ing up of a long protracted frost, during which 
tbe air has been enabled to absorb and retain in 
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an insensible state an unusual quantity oi vom&t* 
ure, that moisture, as soon as the thaw takes 
place, is deposited upon the surface of every 
thing with which it comes in contact : and there 
can be scarcely an individual, fr<»n the peasant 
to the noble, who has not often experienced the 
comfortless state of the interior of his habitation 
from this cause. The opulent indeed, supposing 
that nature did not provide the remedy, might 
easily remove, and often do accelerate the re- 
moval of the evil, by the introduction of currents 
of air artificially heated : but the indigent, in- 
capable of commanding so expensive a remedy, 
would meet with serious detriment, did not a 
timely change in the state of the atmosphere 
enable it to reabsorb the moisture which had 
previously been discharged from it ; for many 
parts of the furniture of their habitation would 
be injured, or even destroyed by the moisture 
• imbibed by them : and with respect to a much 
more important point, a healthy state of body, 
both the opulent and the indigent would be alike 
sufferers, from a continued exposure to the ex- 
ternal atmosphere in such a state. 

In the foregoing instances currents of air have 
been considered as acting on a fixed point as it 
were, or on bodies nearly stationary. Let us 
now consider their action on bodies capable of 
being set in motion, as nautical vessds of all 
kinds, and we shall not fail to see the import- 
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ance of that action to some of the highest in- 
terests of man. 

To those, of whatever condition in life, who 
are surrounded by the numerous resources of a 
commercial city, it is immediately of little im- 
port, unless as a question of mere corporeal feel- 
ing, whether the air be in a state of perfect 
calm, or freshened by a breeze; and whether 
that breeze be from the east, or from the west. 
To the agriculturist even it is comparatively of 
little interest, unless at particular seasons, whe- 
ther the wind be high or low, or from what 
quarter it may come ; further than as particular 
states and directions of the wind are indications 
of rain or drought. But to those " who go down 
to the sea in ships, and occupy their business 
in great waters," not only the degree of force, but 
the direction of the wind, is of the highest mo- 
ment: while on many occasions, even in the 
present advanced state of science and naval ar- 
chitecture, a motionless state of the atmosphere, 
or a calm, might be fatal to all their specula- 
tions. Every one who has lived for a time on 
the sea-coast must have observed with what 
anxiety the owner of the smallest fishing boat 
watches the variations in the state or direction 
of the wind, as connected with the practicability 
of putting out to sea. If the wind be in an un- 
favourable quarter, or if it blow not with suffi- 
cient force to swell bis sails, he saunters in list- 
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less inactivity along the b^tch : but If the wished 
for breeze spring up, the scene is at once changed, 
and all is alacrity and life. 

In some parts of the world Providence has 
compensated for the disadvantages arising frc^n 
the general uncertainty of the wind, by the con- 
tiniied regularity of its direction through stated 
seasons: in consequence of which, the merchant- 
man calculate upon the commencement and 
duration of his voyage with a degree of security 
and confidence, which sets him comparatively at 
ease as to the event. These periodical currents 
of air indeed have been named from this very 
circumstance the trade winds: and, in illustra- 
tion of their adaptation to the purposes of com- 
merce, a more striking instance perhaps coiild 
not be adduced than the following, Which is 
given in a volume, entitled, " Four Years Resl- 
" dence in the West Indies," written by a gen- 
tleman of the name of Bayley ''. In the descrip- 
tion of the islahd of St. Vincent it is thei^ 
stated that a little sloop, the private signal of 
which was unknown to any of the merchants, 
sailed ihto the harbour one morning, and im- 
mediately attracted the notice of the surround- 
ing crowd ; and the history of its unexpected 
appdarance is thus given. " Every one has 
" heard of die little fishing smacks employed ia 
" crnisihg along the coast of Scotland ; which 

rLotidon, 8vo, 1830, p. 292. 
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** cmny hemogs and other fiah to Leith, Edin- 
** burgby or Glasgow, worked by three or four 
** hardy sailors, and generally commanded by 
** an individual having no other knowledge of 
** navigation than that which enables him to 
** keep his dead reckoning, and to take the sun 
*♦ with bis quadrant at noonday. 

*^ It appears that a man who owned aild com- 
^^ manded one of these coasting vessels had been 
t* in the habit of seeing the West India ships 
** load and unload in the several ports of Scot- 
**• land ; and, having learned that sugar wad a 
" very profitable cargo, he determined, by way 
** of speculation, on making a trip to St. Vincent, 
^* and returning to the Scottish market with a 
** few hogsheads of that commodity. The na- 
^* tives were perfectly astonished — ^they had never 
" b^rd of such a feat before ; and they deemed 
*^ it quite impossible that a mere fishing smack, 
** worked by only four men, and commanded by 
^^ an ignorant master, should plough the bolster^ 
" ous billows of the Atlantic, and reach the West 
" Indies in safety ; yet so it was. The hardy 
'' Scotchman freighted his vessel ; made sail ; 
" crossed the bay of Biscay in a gale ; got into 
^* the trades ; and scudded along before the 
^* wind, at the rate of seven knots an hour, trust- 
" ing to his de9,d reckoning all the way. He 
" spoke no vessel during the whole voyage, apd 
^^ n#ver once saw land until the morning of the 
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" thirty-fifth day ; when he descried St. Vincent's 
r^ht a-head : and setting his gaft-topsail, he 
ran down, under a light breeze, along the 
^^ windward coast of the island ; a.nd came to 
^ anchor about eleven o'clock under the circum- 
" stances before mentioned." 

Such a vessel, and so manned, could hardly 
have performed the voyage here described, had 
it not been aided by the current of the trade 
wind : and what then must be the advantage of 
such a wind, when, instead of aiding the puny 
enterprise of a single and obscure individual, it 
forwards the annual fleets of mighty nations. 
Most important therefore to the Roman €snpire 
was the discovery of Hippalus, which enabled 
its fleets to stretch across at once from the Afri- 
can to the Indian coast by means of the south* 
westerly monsoons. But, if we would view the 
subject in all its magnitude, let us contemplate 
with a philosophic eye the haven of any one of 
the larger sea-ports of Europe ; filled with ves- 
sels from every maritime nation of the wwld, 
freighted not only with every thing which the 
natural wants of man demand, or which the state 
of society has rendered nec^sary to his comfort, 
but with all which the most refined luxury has 
been able to suggest. "Merchandise," to use 
the words of Scripture, " of gold, and silver, and 
" precious stones, and of pearls, and fine linen, 
'' and purple, and silk, and scarlet, and all thjdne 
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** wood, and all manner resBek of ivory, and 
'^ all manner vessels of most precious wood, 
^* and of brass, imd iron, and marble, and cin- 
namon, and odours, and ointments, and frank- 
incense, and wine, and oil, and fine flour, and 
'^ wheat, and beasts, and sheep, and horses, and 
" chariots." 

But the importance of aU the foregoing points 
of consideration in the history of the relation of 
the cur to human wants is far inferior to that 
highest and most beneficial of all its relations, 
the production of the human voice : for from this 
source arises articulate language ; without which 
medium of communication between man and 
man, what would become of the most important 
transactions of the business of life, as well as of 
its most rational pleasures, the charms of social 
converse ? But the consideration of the mechan- 
ism of the human voice is appropriated to a dis^ 
tinct treatise : and the use of language is adapted 
rather to the moral than to the physical condition 
of man : and I therefore forbear to dwell on a 
theme in itself of the highest interest. 

In dismissing the subject of atmospherical air, 
I would wish to observe how beautiful an in- 
stance its history afibrds of the multiplicity of 
beneficial effects, of very different cl^aracters, 
produced by one and the same agent; and 
often at one and the same moment. Thus while 
we have seen the air of the atmosphere serving 

l4 
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as the reservoir of that mass of water from whence 
clouds of rain, and consequently springs and 
rivers are derived, we have also seen that it at 
the same time prevents, by the effect of its pres- 
sure on their surface, the unlimited evaporation 
and consequent exhaustion of the ocean, and 
other sources, from whence that mass of water 
is supplied. And, again, while the agitation of 
the air contributes to the health of man, by sup- 
plying those currents which remove or prevent 
the accumulation of local impurities, it at the 
same time facilitates that intercourse between 
different nations in which the welfare of the 
whole world is ultimately concerned. And lastly, 
while in passing from the lungs in the act of ex- 
piration it essentially forms the voice, it at the 
same time removes from the system that noxious 
principle, the retention of which would be incom- 
patible with life. 



CHAP. VII. 

Adaptation of Minerals to the Physical Condition 

of Man. 

SECT. I. 
The general Characters of Minerals. 

IT has been shewn in the foregoing chapter, i 

that the constituent parts of the atmosphere are 
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few in number, and of great simplicity in their 
composition ; that some of them usually exist in 
the state of invisible vapour, and consequently 
are without sensible form snd colour : and that 
others, as light, and heat, and electricity, are not 
only without form and colour, but are also of 
such tenuity as to be incapable of affecting the 
most delicately constructed balance; in com- 
mon language, are without weight. We. are now 
entering on a department of nature, which con- 
sists of objects characterised by properties very 
different from those we have been lately con- 
sidering; remarkable, as a class, for the ma- 
thematical precision of their form, the bril- 
liancy and variety of their colour, and for their 
great weight ; most of them being many times 
heavier than the heaviest element of the at- 
mosphere. 

Few mineral substances, however, exist in such 
a state of purity as to exhibit the simple cha- 
racters of their individual properties ; the class 
consisting of a great variety of species, which 
are capable of entering into union with each 
other, and of which the natural combinations 
are extremely numerous. But, as might be an- 
ticipated from the general analogy of nature, 
the advantages arising to mankind from this 
mixture of character are infinitely greater than 
if the individual minerals had existed in a state 
of purity, and uncombined . with each other; 
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Thus, to take the most familmr, and perhaps 
the most important instance, aknost all natmral 
soils consist principally of mixtures of the three 
earths called nkxy lime, and abmUne; ncme of 
which, unmixed with either of the other two, or 
at least with some equivalent substance, wooM 
serve the purposes of agriculture. 

Again, all the common forms of clay consist 
principally of various combinations of the two 
earths called silew and aiumine; ^nd although 
many of those properties which make clay valu- 
able are communicated by the aiumine, the si- 
lex contributes very considerably towards the 
general utility of the compound, 

SECT. II. 
Application of Minerals to Architecture and Sculpture. 

Among the earliest arts of civilized life may 
be justly reckoned the rudiments of architec- 
ture : for it may be with truth affirmed that, 
with very few exceptions, wherever man existe 
in a state of society, he is found to protect him- 
self from the vicissitudes of the weather, not 
only by the immediate clothing of his body, but 
by means of independent habitations ; to which, 
if at no other time, at the close of the day at 
least, he betakes himself; in order to enjoy that 
periodical rest which is requisite for the re- 
newed exertion of his bodily powers : arid very 
few are the situations which do not afford con- 
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▼enie&t materials for the purposes of build- 
ing. 

In whatever situation then man may be placed, 
he will most probably have the means of procur- 
ing the comfort of a fixed habitation. Nor is it 
loi^ before he adds a certain degree of luxury to 
utility : for wherever the simple architecture of 
the dwelling is not decorated with some orna- 
mental additions, we may be certain that society 
exists in a very low state of civilization ; so that 
sculpture, as an artificial refinement, seems to 
be a natural consequence of architecture. And, 
perhaps, the superiority attainable by educa- 
tion and habit is not displayed in any of the 
arts of life so strikingly as in these. From the 
simple tent of the Bedouin to the majestic ruins 
of Palmyra, among which it is pitched ; or from 
the rude hut of the modern Acropolis to the 
awful grandeur of the Parthenon which over- 
shadows it; how infinite are the gradations 
which mark the progress of these arts ! 

And with respect to statuary, that highest de- 
partment of the art of sculpture, what emotions 
is it not capable of raising in the mind, particu- 
larly when employed in representing the pas- 
sions or any of the attributes of man! If, for 
instance, the mind of the savage could be instan- 
taneously elevated to the feeling of correct taste, 
what would be the sensations of the islander of 
the southern Pacific, in turning from the view 
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of his hideou8ly-£t»nned and grim idol, to tbe 

contemplation of that glory of the Vatican, 

■ *' the Lord of the unerring bow, 
" The God of life, and poesy, and light ; 
" The sun in human limbs arrayed, and brow 
" All radiant from his triumph in the fight : 

** in whose eye 

*^ And nostril, beautiful disdain, and might, 
<* And majesty, flash their full lightnings by, 
" Developing in that onp glance the Deity s.*" 

I will not here attempt to trace the history of 
architecture, considered as an art characteristic 
of civilized society : for in such an attempt ow 
reasoning must often be founded on conjecture 
instead of facts ; than which nothing is more un- 
satisfactory and irksome to a philosophically 
contemplative mind. It will be more congenial 
to the purpose of this treatise to point out the 
means afforded by nature for the advancement 
of an art, which in its origin is necessary tp 
gome of the chief wants and comforts of indivi- 
duals ; and which is subsequently conducive, by 
the exercise of the highest faculties of the mind, 
not only to national utility and glory, but also 
to national security *. 

With respect to the inferior animals, the in- 
stinctive propensity to construct receptacles for 
themselves or their offspring is obvious: and if 

B Childe Harold^ canto IV. stanza 161. 
t In the construction for instance of military fortifications^ 
and piers, and bridges, &c* 
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<m any ground we may attribute the principle 
of inBtinct to man, it seems justifiable on that 
which we are now considering. Omitting, how- 
ever, those more remarkable instances of instinct 
which direct the bee, the ant, the spider, the 
swallow, or the beaver, in the fabrication of the 
structures which they put together with such 
nice art ; if we merely consider the simple bur- 
row of the rabbit or the tnole, we seem to ac-^ 
quire a strong presumption that man would not 
be destitute of a similar instinct: and it may 
reasonably be supposed that, by whatever intel- 
lectual power or internal sensation the savage 
is directed so to adjust the various joints and 
itiuscles of his limbs as to balance his body 
Wh^ iii danger of falling, by a similar pow^r 
he is enabled so to adjust the rude boughs of 
which his hut is composed, that by mutually 
supporting one another they may at the same 
time serve for a support to the grass, or moss, 
which is thrown over them for the purpose of 
forming a shelter". Numerous traces of such 

" The following statement, from Lewis and Clarke's Travels, 
will shew how much may be effected by human ingenuity and 
industry though aided by the slightest means: ^^ The Colum. 
bian Indians possess very few axes ; and the only tool em- 
ployed in their building, from the felling of the tree to the 
delicate workmanship of the images, (adorning their canoes,) 
'' is a chisel made of an old file : and this is worked without 
'' the tod of a mallet. But with this they finish a canoe fifty 
feet long, and capable of holding between twenty and thirty 
per^ns, in a few weeks." p. 435. To the preceding state- 
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an instinct are observable in the amusements of 
children ; as in the arrangement of loose stones 
in the form of enclosures ; and in the formation 
of banks and dikes by the heaping up of the 
sand of the sea-beach: and, should it be asserted 
that such amusements are not to be referred to 
instinct, but are to be classed simply under the 
principle of imitation, (as may certainly many 
of the amusements of children,) it may be an- 
swered, that, if not original instincts, they may 
be considered as at least instinctive imitations 
of the necessary engagements of after-life. It 
has been sometimes supposed that the inclining 
branches of an avenue of elms or other trees 
suggested the idea of the gothic aisle ; but such 
a supposition seems both unnecessary in itself, 

ment may with propriety be added the following translation of 
the account which accompanies the twelfth plate in the first 
▼olume of De Bry : ^* The method of making boats in Virginia 
is truly wonderful : for^ although the natives have no instru- 
ments of iron, or in any way resembling those of European 
nations, they still have the power of making boats fully capa- 
ble of being conveniently navigated. Having selected a large 
and lofty tree, they surround it with a fire just above the 
roots; taking care to smother any flame^ lest it should injure 
the rising part of the stem. In this way they bum through 
'^ the greater part of the stem ; and^ by thus weakening it^ oc- 
" casion its downfal. By a similar process they bum away the 
*^ branches and the upper part of the tree ; and^ raising the 
" trunk thus prepared on forked props^ so as to support it at 
'^ a convenient height for working, they scrape away the bark 
^* by means of large . shells ; and then excavate it in a longi- 
'^ tudinal direction by alternately burning and scraping it." 
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and incorrect as to the probable order of oc- 
currences : for whoever has read the travels of 
Pallas through different parts of the Russian 
OTipire, or of other Oriental travellers, will find 
ample proof of the existence of the gothic style 
of architecture long before our earliest European 
churches were built : and it is just as probable, 
if not more so, that the gothic aisle suggested 
the idea of the elm avenue, as that this sug- 
ge^ed the idea of the gothic aisle. 

The mineral substances employed in the struc- 
ture of human habitations necessarily differ in 
diff^ent parts of the world, in consequence of 
the difference of the materials afforded by the 
subjacent strata; and, accordingly, an expe- 
rienced eye will conjecture, almost with cer- 
tainty, the character of the subjacent strata, 
from the nature of the materials employed in 
the buildings erected on the surface: or, * con- 
versely, if the nature of the subjacent strata be 
antecedently known, the character of the stone 
employed in the buildings of the vicinity will, 
almost to a certainty, be known also ; and, on 
this principle, as much surprise would be ex- 
cited in the mind of a well-informed geologist 
by the prevalence of granite in the buildings of 
Kent or Sussex, as of limestone near the Land's 
End in Cornwall. 

The nature, however, of the material employed 
in building is in some measure determined by 
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the particular stage oi civilisatioii oi the inha* 
bitants. Thus in the early periods of civiUxa^ 
tion, and before the aboriginal forests of a coun- 
try have been cleared, wood has usually he&h 
the principal and almost the only substance ^oi- 
ployed. In proportion as the populaticm of a 
counti*y increases, wood becomes more and more 
scarce; and then brick and stone begin to be 
^nployed: but wb^i the population has in? 
creased to a very considerable extent, those ma^ 
terials almost entirely supersede the use of wood, 
unless m the interior of the building: and h^ce, 
in this densely-peopled island, the half-timbered 
dwellings of our ancestors are daily becoming 
more picturesque ^. 

The ralue of building-stone depending greatly 
on its hardness, but the difficulty of working it 
being increased proportionally to its degree of 
hardness^ it ou^t not to escape our notice, in 
a treatise, o£ which it is the professed object to 
illustrate the adaptation of external nature to 
the physical condition of man, that many of the 
common forms of building-stone, though soft 
while yet undetached from the quarry, becejoie 
hardened very considerably by exposure to the 
air : which change in their state enhances their 
value, in a twofold sense ; for, in ccmsequi^ice 

^ Throughout the interior of Russia and of Siberia the greater 
part of the buildings in every town were, within a few years, 
entirely of wood. 
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of their previous softness, they are more easily 
WOTked ; while their subsequent hardness insures 
the greater durability of the building in which 
they are employed. And, again, though many 
varieties of stcme are so easily worked, even 
uftm* a long exposure to the air, as to have 
acquired in consequence the name oi freestone; 
yet even with respect to such as are of the 
liardest and toughest quality, an equal degree 
of ease in working them is easily attainable by 
practice. T. an unpractised workman, for in- 
Stance, nothing is more difficult than to give a 
determinate form, by the hammer or chisel, to 
granite, slate, or flint; and yet a little experi- 
ence enables the mason to work all these to the 
gr^itest nicety: and that person would indeed 
be very incurious, who, although he might not 
naturally be disposed to notice mechanical pro- 
cesses, did not feel an interest in observing the 
ferm which the roofing-slate takes under the 
bill of the slater ; or the ease with which the 
gun-flint is formed into its peculiar shape by a 
few strokes of a light hammer. 

But, after the stones have been detached from 
tiie quarry, and have been worked into a con- 
venient form for building, it is in the greater 
number of instances necessary to the stability 
of the intended structure, that they should be 
consolidated together by some intermediate sub- 
stance : for it would very rarely happen that the 

M 
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separate stones could be obtained of such a size 
as to be capable of remaining fixed by their 
own weight. Sometimes this effect is produced 
by means merely mechanical^ as in the case of 
the construction of the larger circle of St<Hie^ 
henge ; where the upper extremity of two oour 
tiguous perpendicular stones, being pared away 
so as to form what is called a tenoHj is let into 
a corresponding cavity called a mortise cut into 
each extremity of the horizontal stone that unites 
them. 

As such Cyclopean masonry would be far too 
expensive for common purposes ; and as the la* 
hour and expense of uniting together^ by cramp# 
of iron or other mechanical means, the vCTy 
great number of stones requisite for the con- 
struction of even a small building, would be endi- 
less ; we at once see the importance of any me- 
dium that will fully and readily effect that 
union, without much expense of time or money: 
and how completely the substance called marr 
tar answers the intended purpose, the slightest 
observation will make manifest. As the emr 
ployment of this useful substance appears to 
have existed antecedently to history, it is not 
worth while to spend any time in conjecturing 
how it was first discovered: but it is quite in 
unison with the intention of the present treatise 
to observe, that, of the three materials of which 
it is principally made, namely lime, sand, and 
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water, the first is readily obtained by the simple 
application of heat to any common form of 
limestone, a process which is occasionally going 
on in every limekiln; and the means of ob- 
taining the two others are almost every where 
at hand. 

Hitherto the materials, applicable to the arts 
of architecture and sculpture, have been con- 
sidered as adapted to the common or necessary 
wants of mankind : but in what may not impro- 
perly be called the poetry of those arts, they are 
capable, in their application, of eliciting the high- 
est powers of the imagination : for surely this 
may with propriety be affirmed of such sublime 
productions as the Parthenon in architecture, 
or the Belvedere Apollo in sculpture. Nor are 
we obliged to seek for such productions solely 
in the classic ages of antiquity : for, to say no- 
thing of Palladio, Michael Angelo, Canova, 
Thorvaldson, and other ornaments of modern 
Europe, our own country has given birth to 
works of the highest excellence in either depart- 
ment of the art. Nor need this assertion be 
made with any hesitation, while in architecture 
that imperishable monument of genius, the Eddy- 
stone lighthouse, attests the fameof Smeaton; and 
in sculpture, the pure and simple taste of Chan- 
trey has, in that most exquisite work contained 
within the walls of Litchfield cathedral, thrown 
a truth and beauty over the im^ge of death, 

M 2 
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which non^ of his predecessors had ever at- 
tained y. 

Who can peruse the journal of Smeaton, and 
not admire the penetration, the resources, and 
the activity of his genius ? Consider the nature 
of the task which he had engaged to perform ; 
his limited and uncertain opportunities of action ; 
the failures of others who had preceded him in 
a similar undertaking ; the consequent necessity 
of new principles, and new combinations, in his 
plan of operations ; the formidable dangers he 
was continually under the necessity of encoun- 
tering ; and, lastly, the awfiil responsibility of 
the undertaking itself: consider all these points, 
and it may be safely affirmed that, as an in- 
stance of the conjoined effects of personal enter- 
prise, fortitude, and perseverance, the Eddy- 
stone lighthouse stands unrivalled. 

On a small, precipitous, and completely insu- 
lated rock, deriving its very name from the irre- 
gular and impetuous eddies which prevail around 
it ; elevated but a few feet above the level of the 
surrounding ocean, even in its calmest state; 
and exposed at all times to the uninterrupted 
swell of the Atlantic ; by the joint violence of 
the wind and waves of which, a preceding struc- 
ture had been in a moment swept away, leaving 
not a wreck behind; on such a spot was this 

7 One exception to this assertion perhaps exists^ in a work on a 
similar subject by Banks; in the church of Ashbourne^ Derbyshire. 
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new wonder of the world to be erected. Former 
experience is here of little avail, and common 
principles and means have been already tried in 
vain ; the architect is thrown almost entirely on 
his 0¥ni resources; and they do not fail him. 
In order to combat the force of those overpower- 
ing elements to which the fiiture structure is to 
be constantly exposed, he looks about for that 
natural form which is found most permanently 
to resist a similar conflict ; and viewing with a 
philosophic eye .the expanded base of the oak, 
and the varying proportions of its rising stem, 
he made the happy selection of this object as 
the type of the proportions of his intended work. 
" On this occasion," he himself says ^, " the 
natural figure of the waist or bole of a large 
spreading oak presented itself to my imagina- 
" tion. Let us for a moment consider this tree : 
** suppose at twelve or fifteen feet above its base, 
" it branches out in every direction, and forms 
" a lai^e bushy top, as we often observe. This 
" top, when full of leaves, is subject to a very 
" great impulse from the agitation of violent 
" winds ; yet partly by its elasticity, and partly 
" by the natural strength arising from its figure, 
'' it resists them all, even for ages, till the gra- 
" dual decay of the material diminishes the co- 
" herence of the parts, and they suflFer piece- 

» A Narration of the Building, &c. of the Eddystone Light- 
house, London, 1791, p. 42. 
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meal by the yidence of the storm : \mt it is 
very rare that we hear of such a tree being 
torn up by the roots. Let us now consider its 
particular figure — connected with its roote, 
which lie hid below ground, it rises from the 
surface thereof with a large swelling base, 
which at the height of one diameter is gene- 
rally reduced by an elegant curve, concave to 
the eye, to a diameter less by at least one 
third, and sometimes to half of its original 
base. From thence its taper diminishing more 
slow, its sides by degrees come into a perp^i- 

" dicular, and for some height form a cylinder. 
After that, a preparation of more circum- 
ference becomes necessary for the strong inser- 
tion and establishment of the principal boughs, 
which produces a swelling of its diaanet^r. 

" Now we can hardly doubt but that every sec- 
tion of the tree is nearly of an equal strength 
in proportion to what it has to resist: and 

" were we to lop oflf its principal boughs, and 
expose it in that state to a rapid current of 
water, we should find it as much' capable of 
resisting the action of the heavier fluid, wh^i 

" divested of the greatest part of its clothing, as 
it was that of the lighter when all its spread- 
ing ornaments were exposed to the fury of the 

" winds : and hence we may derive an idea of 
what the shape of a column of the greatest 
stability ought to be, to rei^st the action of ex- 
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tamal violence, when the qwmtUjf of matter is 
given whereof it is to be composed." 
But invention and composition do not consti- 
tute the whole of the character of genius, in the 
practical arts at least. Industry, both that which 
rmsts the listlessness arising from continuity and 
sameness of pursuit ; and, still more, that which, 
thoi^h repeatedly repressed by unexpected im- 
pediments, as repeatedly recovers its elasticity ; 
imconquerable and indefatigable industry, like 
that o( the ant, is likewise requisite. And such 
industry did Smeaton manifest: and his industry 
has hitherto been completely crowned with suc- 
cess. The Eddystone has withstood the war of 
winds and waves through the greater part of a 
eentury, unshaken in a single pomt : and if of 
any human work we dare affirm as much, we 
might affirm of this, '^ manet sstemumque ma- 
♦* nebit." 

We now turn to the effi>rts of genius, of an- 
other, and, intrinsically, a higher order — ^to that 
beautiful composition of Chantrey, to which al- 
lusion has been already made, A different task 
is here to be accomplished : it is not the storm 
ef the physical elements which is to be resisted, 
but the poignant grief of the bereaved parent is 
to be assuaged ; and that, not by any nepenthe 
which may obliterate the memc^ry of lost hap- 
l^ess; but by, I had almost said, the living 
image (d the v^ry ob|ect8 themselves from which 

M 4 
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that happiness arose, and m which it c^itred. 
Alone, and undistracted by the [presence of sur- 
rounding friends, the widowed nK>th^r approaches 
in mournful silence the consecrated aisle; wh^re, 
softly clasped in each other's arms, she sees her 
beloved children resting in the repose of sleep 
rather than of death : and gazing on them with 
intense a£fection, ^e feels not sorrow for a while; 
but, indulging in a dream which almost realizes 
her past happiness, would fold her treasures to 
her bosom, were she not too conscious that the 
cold embrace would dissipate the fond illusion. 

SECT. III. 
Gems and precious Stones. 

If it were the purpose of this treatise to pmnt 
out the adaptation of external nature to ih^ 
moral as well as to the physical condition of 
man, it might be easUy shewn, that, however an 
undue d^ree of attention to outward (Mmaments 
is blamable, a moderate degree of attention is 
both allowable and right: otherwise, and it m 
an instance that outweighs all others, it would 
not have been observed in the decorations of the 
temple of iSolomon, nor in the cMriginal ordina- 
tions respecting the dress of the Levitical priest^ 
hood. Those substances consequently, whkh are 
capable of being applied to ornamental purposes, 
become, in our mode of using them, a test of 
virtue, in the same manner as our ordinary 
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clotiiing, and food, and sleep; all of which, 
though even necessary to our existence, may 
be alnised by a luxurious indulg^ice in them. 
But at present I am tto further concerned with 
liie moral part of the question, than to infer 
that, if an attention to external ornament be not 
only allowable, but right, we may antecedently 
expect that materials for its exercise would be 
provided by nature: and that is indeed the 
fiujt*. 

It would be difficult however to determine 
which of the three kingdoms, the animal, ve- 
getable, or mineral, is the most prolific source 
of those beautiAil forms and colours which are 
principally valued as objects of external oma- 
TSk&at. We do not indeed observe in any flower 
that iridescent play of colours which characterises 
some varieties of the opal and felspar, among 
minerals ; and the plumage of certain birds, and 
the scales of certain fish, among animals : but 
m d^ance and variety of form, and in splen- 
dour and simplicity of colour, the vegetable world 
will be found to yield neither to the animal nor 
mineral. Mineral substances, however, from 
their rarity as well as beauty, are more prized ; 
and from the durability of their substance are 
more permanently applicable to ornamental pur- 
poses than those either of animal or vegetable 

» " Wherefore did nature pour her bounties forth ?" &c. 

CoMus^ line 726, &c. 
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origin; and therefore serre better to iUnstrate 
the principle of this treatise. 

' From among those substances which in com- 
mercial language are called precious stones, 
thoi^h some so called are not really derived 
from the mineral kingdom, it is proposed to 
select the diamond as a preeminent example of 
the whole class; because, in addition to those 
properties which render it valuable as an oma* 
mental gem, there are some points in its history 
which give it a peculiar worth. It will naturally 
excite the surprise of those, who are unac* 
quainted with the chemical history of this sub- 
stance, to learn that the purest diamond does 
not essentially differ from a particular variety of 
common c<ml; or from that mineral of which 
drawing pencils are made, and which is usually, 
though not with propriety, called plumhago and 
bUwh lead: and yet nothing has been more 
clearly proved than that equal weights c^ these 
several substances, if submitted to the ]m>cefls 
of combustion, will produce nearly equal pro- 
portions of carbonic acid gas; which has al* 
ready been stated to be a chemical combination 
of definite proporticms of carbon and oxygmk ; 
the diamond, which is the purest form of carbon, 
burning away without leaving any residuum; 
the other two leaving a v^py small proportion of 
ashes, in consequence of their containing foreign 
matter. 
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And here we can hardly ftdl to notice a very 
remarkable instance of what may be called the 
economical provisions of nature. How rarely, 
and in what small quantities, are the diamond 
and plumbago found ; and how abundantly does 
coal predominate in many parts of the world ! 
The Borrodale mine of plumbago in Cumber- 
land is the most considerable source of that sub-* 
stance throughout Europe ; and the province of 
Grolconda ahnost alone supplies the whole world 
with disunonds: and, probably, the accumu- 
lated weight of all the plumbago and of all the 
d|^onds, which have ever been derived from 
those and other sources, would not equal a hun- 
dredth part of the weight of coal which is daily 
quarried in Great Britain. Suppose now that 
the case had been reversed; and what would 
have been the consequence ? diamond and plum- 
bago^ though really combustible substances, yet 
from their slow combustibility could never have 
answered, in the place of coal, as a Aiel for ge- 
neral purposes ; and, on the other hand, without 
that large supply of coal which nature has pro- 
vided, what would have become of the domestic 
omnforts and commercial speculations of the 
greater part of Europe, during the two last cen- 
turies? 

The value of the diamond is not derived solely 
finom its transpar^icy and lustre. Its remark- 
able hardness is another and a most useful pro- 
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perty belonging to it : for, in coMequaeiate of ite 
great degree of hardness, it is capable of cutting 
and polishing not only the hardest ^ass, Init 
even the hardest gems : and if we consider how 
useful a substance glass is, how universally em- 
ployed as a means of at the same time admitting 
light and excluding the air fix)m the interior of 
our houses ; but that in consequence of its hard* 
ness and brittleness it would with great diffi- 
culty be divided by any common mechanical 
instrument, so as accurately to fit the frames in 
which it is fixed for the ^ove purposes, we 9Jt 
once see the value of a substance which eamly 
and readily accomplishes that end. A small 
diamond no larger than a mustard seed, brou^it 
to a point and fixed in a convenient handle, en- 
ables the glazier to cut a plate of glass into 
pieces of any shape that he pleases: and the 
«ame instrument will serve his daily use for 
many successive years. Nor is it among the 
least of the glories of this gem, that it gave occa- 
sion to that remarkable conjecture of sir Isaac 
Newton respecting its chemical nature. That 
philosopher having observed, that the refractive 
power of transparent substances is in general 
propbrtional to their density ; but that, of sub- 
stances of equal density, those which are com- 
bustible possess the refractive power in a higl^ 
degree than those which are not, concluded fttmi 
a comparison of the density and refitictive power 
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t^ the diamcmd, that it contained an inflam- 
mable principle ; which opinion was subsequent- 
ly confirmed by direct experiment. It will be 
remembered by the chemical reader that on the 
«„.. gr^nd he made the =ame conjecture ^.h 
respect to water, and with the same success. 
And never, perhaps, did the eye of philosophy 
p^aetrate more unexpectedly the thick veil which 
is so often found to hide the real character of va- 
rious forms of jnatter : for, imperishable as from 
its name the adamant was supposed to be, who 
Vould have antecedently expected that it might 
be dissipated into air by the process of combus- 
tion ? and, with respect to the other subject of 
his conjecture, if any principle was opposed to 
combustibility in the opinion of mankind it was 
water — " Aquae contrarius ignis." 

SECT. IV. 

The Distribution and relative ^ Proportions of Sea and 
Land; and the geological Arrangement and physical 
Character of some of the superficial Strata of the Earth. 

As it is clearly a just object of the present 
treatise to select the most familiar and most 
obvious instances of the principle intended to 
be illustrated, I shall in entering upon the ab- 
struse^ department of geology, consider only those 
phenomena which offer themselves to the eye in 
every part of the world ; and which are either 
at once intelligible, or easily demonstrable, to 
the commonest observer. 
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Of such phenomeaa the most {mmihi^dt are 
the general distribution of the sea and the land ; 
axkd the relative proportions of their superficial 
extent. With reference to the sea, although we 
may never know all the ends which are answer- 
ed by its saltness, and why its depth should be 
greater in some parts than others ; and although 
we can perhaps form no more than a ccmjecture 
as to the advantages derivable from the tides ; (the 
prevention, for instance, of A stagnant state <^ 
the water;) or from the accumulation of ice near 
the poles ; (the cooling, probably, of the general 
mass of the atmosphere, and the consequent 
production of currents of air;) yet of its mode of 
distribution, and of the relative extent of its sur- 
face, we readily apprehend the reason ; simply 
in considering that all those forms of water which 
contribute to the fertilization of the earth, or 
the support of animal life, are derived from the 
ocean. Were the superficial extent of this there- 
fore much less than it is, the quantity evapo- 
rated would not be sufficient for the intended 
purposes; or, were the distribution difierent from 
what it is, were the, sea, for nistance, to oc- 
cupy one hemisphere and the land the other, the 
water evaporated would not be so equally dif- 
fused through the atmosphere as it is at present. 

And, with respect to the land, how beautifiilly 
does the particular arrangement and character 
of its surface conspire with its general distribu- 
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tkm^ to equalize the difiusion of the water that 
is discharged upon it from the atmosphere ! The 
truth of the proposition ccmtained in those lines, 

^^ Rusticus expectat duin defluat amnis, at ille 
** hfihitar^ et Jabetur in omne volubiiis svum^^ 

depends on the nature of the particular arrange- 
ment and character, to which allusion has just 
been made. On the one hand, the general sur- 
face of the land ascending from the sea on aU 
sides towards some central ridge or district, 
called the watershed of the country, all the rain 
that does not sink beneath the surface is accu- 
mulated into rivers; which naturally descend 
towards, and ultimately reach, the sea : and, on 
the other hand, the superficial strata being in 
general incapable of immediately absorbing the 
rain which falls upon them, the descent of the 
water is the necessary result of the inclination of 
the surface. But if, from partial causes, such 
an inclination of the land is either wanting, or 
the course of rivers is impeded by the unre- 
pressed growth of reeds and sedge, the adjoin- 
ing district is overflowed, and at length con- 
verted into a stagnant marsh. . It is from such a 
physical cause, that, at this moment, the ancient 
site of Babylon attests the truth of prophecy; 
being still, as it has been for ages, '' a possession 
" for the bittern, and pools of water." 

But that which is called the watershed of any 
large tract of .land is not simply the most ele- 
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yated portion of the whole sur&ce: it consists 
also, in a greater or less d^ree, of ranges <^moun- 
tains ; down the highly inclined sides of which the 
rain immediately descends in numerous torrents, 
which by their gradual accumulation produce 
rivers. And, as best calculated to secure the per- 
manent effect, the substance of these mountains 
is in general so hard, and impermeable to water, 
that, with reference to the present systrai of tl^ 
eardi, they may justly be characterised by the 
epithet '^eyerlasting." But if, instead of being thus 
durable, they were of a soft or finable substance, 
they would soon cease to exist as mountains; 
and if they were porous, instead of compact, 
they would absorb much of that rain which now 
contributes to the formation of rivers. 

From that portion of the rain which, in cmn- 
paratively flat districts, sinks beneath the sur- 
face of the earth, reservoirs of water are fcNrmed: 
from which, either spontaneous springs arise, <a 
into which, artificial excavations called weS$ 
are sunk : and of the utility of such reservoirs, 
those beds of gravel which occur in every part 
of the world afford upon the whole the best il- 
lustration. 

SECT. V. 
Beds of Gravel. 

Few subjects would at the first view appear 
more barren of interest than a bed of gravel ; 
consisting, as it usually does, of nothing but 
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fragments of broken pebbles and sand. Reaped 
together in apparently inextricable confusion. 
Yet such beds, dispersed as they are very gene- 
rally oter the surface of the regular strata, ad- 
minister materially to the wants of man ; in af- 
fording him the means of supplying himself rea- 
dily with that important necessary of life, water. 

From the irregularity in the form and size of 
the component parts of gravel, and from the 
slight degree of cohesion by which they are 
united, the whole mass is necessarily porous: 
and hence, readily transmitting the rain which 
falls on its surface, becomes charged with water 
to an extent proportional to the quantity of rain 
which has penetrated it; being enabled to retain 
the water thus accumulated, in consequence of 
its resting on some substratum, as clay, which is 
impermeable to water: so that, if an excavation 
sufficiently deep be made into any part of the 
gravel, the water immediately drains into this 
excavation, and rises at length to the level of 
the general mass of water contained in the whole 
bed ; by which easy process, in such instances 
at least, those reservoirs, called wells, are form- 
ed: and these reservoirs are never exhausted, 
so long as the whole bed of gravel retains any 
considerable proportion of water. A very ready 
illustration of this fact is afforded by the fami- 
liar instance of those excavations which children 
are accustomed to make in the sand of the sea- 

N 
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beach, while yfet charged with moidture during 
the ebbing of the tide. ^ 

The inhabitants of a town which, like Oxford; 
id built partly on a comparatively fehidlow bsed 
of gravel, and partly on a deep ^jratum erf cklyv 
can well appreciate the^ value of the £[»*mer iubr 
stratum of their habitations, with refer^Dce to 
the facility of procuring water : for while they, 
whose dwellings are built on the gravel, call 
readily obtain water by sinking a well imniedi^ 
atdy on the spot ; they whose dwellings are on 
the clay, must ^ther procure water from a dis- 
tance, or incur a very seriotis, and, finally p»* 
haps, useless expense, in attempting to pene*^ 
trate the clay^. With irespect to its general uses, 
gravel seems only to be employed in the repair* 
ing of roads and walks ; in the composition ^f 
aome kinds of mortar; and as a convaiient oc^ 
casional ballast for i^iling vessels: so that^ if we 
confine our view to the means afforded by gravel 
bed, of applying Ae .rdioary ™.te ofnU 
their history may be comprised in a few wordst 
Not so, if we view them with reference to th^ 
origin, and the nature of their occasional con« 

^ From the observation of an analogous arrangement in the 
general strata of the earthy namely, that those which are per^ 
vious to water alternate with those which are impervious to 
Waiter," Mr. William Smith, ^' the father of English geology,^ 
became acquainted with the origin of springs, and the true priiu 
dples of draining. 
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tmtii : and Httle dre^uns any one; sare the pro-^ 
fessed geolo^st, what a mine lies hid, in those 
confbsed heaps of ruin, for the ^ercise of man's 
intellectual faculties. Few subjects indeed have 
afiforded ampler scope for philosophical reflec- 
tion. In proof of which, I need do no more than 
refer to the labours and ingenuity of Cuvier on the 
continent, and of Professor Buckland in our own 
country : of whom the one, by a scientific exa- 
mination of the organic remains of gravel beds, 
in- Additicm to those of some of the regular strata, 
has brought to hght not only numerous indivi- 
dual sj^cies, but whole families of animals, 
which have ceased to exist ages and aged since : 
and the other, with no less labour and ingenuity, 
hm all but exhibited some of these animals to 
eur view in the very act of devouring and digest- 
ing th^r food. 

- How often, and with what intense interest, has 
dot the scientific geologist perused the original 
essays of Cuvier ; in which^ setting out from the 
eastisd observation of a sim|)le fragment of a fos- 
iil bone belonging to some extinct species^ he 
has established not only the class and order, but 
even the size and proportions of the individual 
W which it belonged, and the general nature of 
its food. And how often, in addition to professed 
geologist^, has not an attentive audience of aca- 
demical students listened with admiration to the 
clear and vivid eloquence of the other of those 

n2 



180 ADAPTATION OF MINERALS 

{^ilosophers, the Geological Professor of Oxford, 
while he unfolded that beautiful chain of facts 
by which he traced his antediluvian animals to 
their native caves ; and exposed to view, to the 
mental eye at least, and almost to the corporeal,, 
their particular habits, and even the relics of 
their last meal. . And, lest there should be any 
doubt as to the nature of this meal, he discover- 
ed, by a most philosophical, for I will not say 
fortunate conjecture, unequivocal proofs of the 
actual remains of it ; not only in its original, but 
also in its digested state. I here allude particu- 
larly to his verification of the masses of digested 
bone which he has most satisfactorily shewn to 
have passed through the whole tract of the di- 
gestive organs of his favourite hyenas ; and which 
are so nearly identical, in every character, with 
the similar masses that daily traverse the same 
organs of the living species, as to make it diffi- 
cult even for an experienced eye to ascertain the 
difference between them. 

It is natural that I should feel a pleasure in 
recording the well-earned fame of a friend with 
whom I have lived in habits of intimacy for more 
than twenty years; and whom, in the commence- 
ment of his career,! had the good fortune to lead 
into that avenue of science, on which he has sub- 
sequently thrown more light than perhaps any 
other English geologist ; with the exception in- 
deed of one, the reverend W. Conybeare, the ad- 
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miration of whose comprehensive and command- 
ing views, as well in fossil as in general geology, 
is not confined to his own countrymen; the 
members of the French Institute having attested 
their sense of his preeminent talents by the high 
honour of selecting him, a few years since, as 
one of their foreign associates — an honour par- 
ticularly distinguished by the uncommon cir- 
cumstance, that it was not only unsolicited, but 
unexpected, by himself. 

On one point, however, of professor Buckland's 
general theory of the organic remains met with 
in gravel beds, and in certain natural caverns, 
I not only difier from him, but think it right to 
express the ground of that difierence. Dr. Buck- 
land's arguments in favour of his opinion that 
the animals of the gravel beds, and the caverns, 
habitually frequented the spots where these re- 
mains are found, are not only ingenious, but are 
occasionally supported by facts which almost 
necessarily lead to that conclusion : and it is not 
intended to attempt to invalidate them. They 
do not indeed stand in the way of the objection 
now to be advanced; this objection being ap^ 
plicable to that part of the theory only which 
considers the destruction of these animals as the 
effect of the Mosaic deluge. Nor is the objec- 
tion, in its origin, so much directed against the 
insulated supposition that these organic remains 
are immediate proofs of the Mosaic deluge ; as 

n3 
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against the principle of snppOTting the credibility 
of the sacred Scriptures on any unascertained 
interpretation of physical phenomena. Such n 
support appears to be imprudent^ as well as unt 
necessary : unnecessary, because the moral evi- 
dence of the credibility of the Scriptures is of it- 
self fully suflScient ; imprudent, because we have 
the strong ground of antecedait analogy, not 
only in another but in this very branch of know^ 
ledge, for anticipating a period in the progress 
of science, when particular phenomena may be 
interpreted in a very diflferent manner from that 
in which they are interpreted at present. Thuii 
the explanation of the motions of our solar sys- 
tem, which is now admitted very generally, with- 
out any fear of weakening the authority of Scrip- 
ture, was once as generally impugned on the 
principle of that very fear. Time was also, and 
indeed within the last century, when the shells 
and other organic reinains, which are imbedded 
in the chalk and other solid strata, were c(m- 
sidered to be the remains and proems of the Mo- 
saic deluge ; and yet at the present day, without 
any fear of injuring the credibility of the Scrip- 
tures, they are admitted very generally to have 
been deposited anteriorly to the Mosaic deluge. 
And who will venture to say, in the infancy of 
^ science like geology, that the same change of 
opinion may not happen with respect to the cnr- 
ganic remains of the gravel beds and caverns. 
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Nor indeed d^' I think, arid I expressed tKls 
opinion nearly twenty years since, that the or^ 
ganic remains of the gravel beds and the caverns 
can^bei on even mere philosophical grounds, ad- 
duced as physical proofs of the Mosaic deluge. 
For *as according to the Mosaic retord it w^s the 
Intention of the Deity on that occasion, in the 
midst of a very geiieral destruction of individtials 
to*j«reserve ^pecies^ we should in reason expect, 
aniong tiie organic remains of that catastrophe, 
a preponderiuice, at least, of the remains of ex- 
£»tingf species : since, although some species may 
have been lost subsequently to the deluge, these 
narturally would be comparatively few. But the 
IfG^as just the reverse; for by far the greater 
n«iiber of the organic remains of the gravel, as 
of ^ex^avems^ belong to species not known now 
to exists ' AsaA with respect to those remains 
which appear f capable of being identified with 
lining specie^, Guvier allows that they belong to 
orders of animals, the species of which often dif- 
fer only in colour j or in other points of what may 
be cs^Hed thdir external or superficial anatomy ; 
and cannot therefc^re be satisfactorily identified 
by the remains of their bcmes alone. 
X I do not consider it right to enter into a more 
extended ^^amination of the question on tiie 
j^^iesent occasion : but, could it be proved that 
visible traces of the Mosaic dehige must neces- 
sarily exist, arguments might be adduced to 

N 4 
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shew both where those traces ought to be ex- 
pected, and that they do actually exist. But 
the deluge itself was evidently a miracle, or an 
interference with the laws which usually regu- 
late the operation of second causes : and who- 
ever admits the force of the reasoning, contained 
in Butler's Analogy of Natural and Revealed 
Religion, will be disposed to allow that the visi- 
hie evidence of the catastrophe may have been 
purposely obscured, in order to exercise our faith 
in an exclusive belief of the moral evidence. , 

I would not lay undue weight on the negative 
proof arising from the absence of human re- 
mains, although they have been in vain searched 
for, even in parts of the world to which it may 
fairly be presumed that the human race had 
penetrated at the period of the Mosaic deluges : 
but undoubtedly such a negative proof is not 
without considerable weight ; especially when 
taken in connexion with the theoiy of a conti- 
nental geologist, M. de Beaumont, of whose 
powers of philosophical generalization Professor 
Sedgwick speaks in language the most expres- 
sive. " I am using," he says, " no terms of 
" exaggeration, when I say that, in reading the 
" admirable researches of M. de Beaumopt, I 
" appeared to myself, page after page, to be 
" acquiring a new geological sense, and a new 
" faculty of induction '^." 

c See Prof. Sedgwick's address to the Greolog. Society, 1831, p. 29* 
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After having taken a general survey of M. de 
Beaumont's observations and views, Mr. Sedg- 
wick alludes to an opinion which he himself had 
expressed in the preceding year, that what is 
commonly called diluvial gravel is probably not 
the result of one but of many successive periods. 
" But what I then stated," he adds, " as a pro- 
" bable opinion, may, after the essays of M. de 
" Beaumont, be now advanced with all the au- 
" thority of established truth — ^we now connect 
" the gravel of the plains with the elevation of 
" the nearest system of mountains ; we believe 
** that the Scandinavian boulders in the north of 
" Grermany are of an older date than the dilu- 
** vium of the Danube : and we can prove that 
" the great erratic blocks, derived from the 
** granite of "Mont Blanc, are of a more recent 
" origin than the old gravel in the tributary 
" valleys of the Rhone. That these statements 
" militate against opinions, but a few years since 
" held almost universally among us, cannot be 
" denied. But, in retreating when we have ad- 
" vanced too far, there is neither compromise of 
** dignity, nor loss of strength ; for in doing this, 
" we partake but of the common fortune of 
every one who enters on a field of investiga- 
tion like our own. All the noble generaliza- 
" tions of Cuvier, and all the beautiful disco- 
" veries of Buckland, as far as they are the 
" results of fair induction, will ever remain un- 
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<^' shaken by the progress of discoreiy. It is only 
^' to theoretical opinions that my remarks faaT« 
" any application" (p. 33). 

Mr. Sedgwick then proceeds to ai^e that 
different gravel beds having been formed at dif^ 
ferent periods, it may happen from the natore 
of diluvial action, that mixtures of the materials 
of different beds may occur ; and consequ^itly 
that " in the very same deposit we may find 
" the remains of animals which have lived dur- 
" ing different epochs in the history of the earth" 
(p. 33). 

He then shews how, from the double testi- 
mony of the widely existing traces of diluvial 
action, and the record of a general dduge con- 
tained in the sacred Scriptures, the opinion mss 
naturally formed that all those traces were re- 
fi^Table to one and the same action : though we 
aught in philosophical caution to have he^atated 
in adopting that opinion, because '^ among the 
^^ remnants x>f a former world, entombed in these 
^^ ancient deposits, we bave not yet found a 
" single trace of man, or of the works of his 
'^ hands" (p. 34). Lastly, he strenuously denies 
that the facts of geolc^eal science are opposed 
to the saored records, or to the reality of ^xt his-' 
tone deluge ; and for himself, utterly rejects such 
an inference : and argues justly, that there is an 
accordance between the absence of human* re- 
mains in these diluvial beds of gravd, aod liie 
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supposed BniiqiiitY of their £irmatioii, inaBmuch 
as the phenomena of geology, and the testimony 
of both sacred and profane history, *^ tell us in 
^^ a language easily understood, though written 
^* m far different characters, that man is a re- 
" cent sojourner on the surface of the earth" 
(p. 35). 

SECT. VI. 
, MetcUs, 

The atmosphere, and the vegetable, and ani- 
mal kingdoms,^ being three out of the fmir gene- 
ral departments of the external world, are most 
extensively necessary to the welfare j if not to 
the very existence, of every individual : but even 
communities of meur in an uncivilized state in- 
deed, have existed, and in some parts of the 
earth are still existing, without any further aid 
from the mineral kingdom than that, which 
the common soil affords to the growth dT the 
£wd which supports them. But a civilized state 
of society is the natural destination of man; 
and such a state of society is incapable of aris- 
ing, or being maintained, without the aid of 
mineral substances: and this assertion holds 
more particularly with respect to the metailic 
species^ 

In that departm^it of civilized intercourse 
which consists in the exchange of the com- 
modities of life, what other substance could be an 
tquivalent substitute for gold and silver, or even 
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copper, as a medium of that exchange? In what 
constant use, and of what immense importance, 
are some of the commonest metals in agriculture, 
and in the arts ; or for the various purposes of 
domestic life! Nor have any substances more 
successfully exercised the powers of the mind, 
in the discovery or improvement of physical 
truths ; or more largely contributed to the bene- 
fit of mankind by the practical application of 
those truths. We owe it to the researches of 
philosophy, not only that new and highly valu- 
able metals have been discovered ; but that the 
general value of the metals previously known, 
has been advanced by extended and improved 
applications of their inherent properties, or by 
the invention of new metallic combinations or 
alloys. 

If a convincing and familiar proof of the ex- 
tensive application of the metals to the common 
purposes of life were required, we need only 
refer to the case of many a common cottager, 
who could not carry on his daily concerns and 
occupations without the assistance of several of 
the metals. He could not, for instance, make his 
larger purchases, nor pay his rent, without sil- 
ver, gold, and copper. Without iron he could nei- 
ther dig, nor plough, nor reap ; and, with respect 
to his habitation^ there is scarcely a part of the 
structure itself, or of the furniture contained in 
it, which is not held together, to a greater or les» 
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extent, by means of the same metal : and many 
articles are either entirely of iron, or of iron 
partially and superficially coated with tin. Zinc, 
and copper, and antimony, and lead, and tin, 
are component parts of his pewter and brazen 
utensils. Quicksilver is a main ingredient in 
the metallic coating of his humble mirror : co- 
balt and platina, and metals perhaps more rare 
and costly than these, as chrome, are employed 
in the glazing of his drinking cups and jugs. 
And if he be the possessor of a fowling-piece, 
which commonly he would be, arsenic must be 
added to the foregoing list, as an ingredient in 
the shot with which he charges it ; for it is ar- 
senic which enables the shot, during the process 
of its granulation, to acquire that delicately sphe- 
ric^ form by which it is characterised. So that 
the whole number of metals made use of by so- 
ciety at large for common purposes, amounting 
to less than twenty, more than half of these are 
either directly used by the mere peasant, or enter 
into the composition of the furniture and imple- 
ments employed by him. 
^ In estimating the value of those mineral sub- 
stances which were considered in the preceding 
chapter, as applicable to the common purposes 
of life, their degree of hardness is the property 
of principal consideration : but, in addition to 
this, metallic bodies possess some peculiar pro- 
perties which very greatly increase their value. 
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Thus, imder a force actin|( perpendicukily on 
their surface, as under repeated blows of the 
hammer, or compression by rollers, many of 
them are capable of being expanded to a greater 
or less extent ; smne of them to such an extent 
a^ to become thinner than the thinnest paper ; 
which property in its various degrees is express-* 
ed by the term malleahility : others, though ncA 
possessing any great degree of malleability, may 
be drawn out into a wire, sometimes so &ie as 
scarcely to be visible by the naked eye ; which 
property is expressed by the term dmctility. All 
of them sire capable of being expanded or con- 
tracted in every direction by an increase or de^ 
create of their temperature ; the degree of thid 
expansibility y as of its opposite eflTect, depending" 
on the degree of the temperature. And lastly, 
ill connexion with certain points of tempera- 
ture, all the metals are capable of existing either 
ill a solid or in a liquid state : and their pro^ 
pferty of passing from a solid to a liquid state, 
in consequence of the agency of heat, is called 
their ftisibility. 

Into the detail of the different degrees' in 
which these properties are possessed by differ- 
ent metals, it belongs to the chemist to enter. 
What we have at present to consider is, the ad- 
vantage accruing to society from these proper-^ 
ties themselves, and from their existence in that 
particular degree in which they actually do ex- 
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i$t in the d^xent metate : to sbew^ for mstance, 
that those metala which possess malleability in 
a greater ratio than ductility^ or ductility in a 
greater ratio than malleability, are of infinity 
^eater value than if the converse were true: 
and so with respect to the property of fusibility. 
T^us gold, being comparatively scarce, and prin- 
(Hpaliy valuable on account of its colour, its re- 
splendency, and its remarkable power of resist-* 
ii^ the action of the air^ and of various agents 
wtiich readily talnish or rust the more ^common 
metals, (all which properties reside on the mere 
surface,) a* giv^n quantity of such a metal is 
consequently nlore valuable in proportion to th^ 
degree of its malleability; because it may be 
extended over a greater surface r knd no metal 
possesses this property in so high a degree as 
gold ; so that, as far as the eye is the judge, the 
iHO&t ordinaiy substance may be made to repre- 
seikt the most costly, at a comparatively trifling 
expense : while in the degree of its ductility, 
whiich in gold would be^ for general purposes, 
ef little moment, it is inferior to most of the 
metals^. 

' ^ It should be kept in mind that this observation is applied to 
unalloyed or pure gold ; for, when alloyed^ this metal is capable 
of being drawn out into a comparatively fine wire. Dr. WoUas- 
ton indeed su^ested a method of drawing out even pure gold 
into an exceedingly fine wire, by enclosing it in a mass of a highly 
ductile metal^ drawing out the mixed metal into fine wire^ and 
disengaging the gold from the metal in which it was enclosed, by 
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Iron, again, is malleable to a degree which 
renders it most valuable as a material for fabri- 
cating all kinds of instruments for mechanical, 
domestic, or philosophical purposes; and it is 
capable of being hardened by well known pro- 
cesses sufficiently for the numerous and import- 
ant works of the carpenter and mason, and the 
equally important purposes of war, agriculture, 
and the arts. A greater degree of malleability, 
in a metal employed for such purposes as those 
for which iron is usually employed, especially 
a^ this metal is very easily corroded by rust, 
would clearly have added nothing to its prac- 
tical value : while its degree of ductility, which 
exceeds that of every other metal, combined 
with its capability of being hardened in various 
degrees, occasionally confers a value on it greatly 
superior to that of gold. 

From the diflTerence in the degree of fusibi- 
lity of diflferent metals, aided by the disposition 
which they have to unite so as to form an alloy, 
arises the possibility of covering one metal in a 
solid state with a superficial coating of anoth^ 
metal in a state of fusion. I am not aware that 
this method is employed, at least to any extent, in 
any other instances, than in the application of 
tin to the surface of .copper or of iron : but, were 
there an hundred similar instances, they would 

any acid which would dissolve the latter without sffecting the 
^Id itself. 
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not lesien the Talue of this, as aflfbrding an illus. 
tration of that principle which has been borne 
in mmd throughout this treatise. Consider only 
the respecltiye degree of abundance of each of 
tte three metali^ just mentioned, and the differ- 
^ice in some of their qualities with respect to 
external agents, and we shall have ample reason 
foil being assured that, on this as on efery other 
oei^a3ion, we may say of the Creator of materiaj 
tbings — ^* In wisdom hast Thou made them all." 
And m)t only is it true that 

** The world by difference i$ in prder found C"* 

hat the diflfererice r is so adjusted in every in- 
stance, that, if it were varied, the .value of the 
iubstsyices in which the difference is observable 
would be destroyed. Thus, of the three metals 
HOW under consideration, iron and copper, from 
the degree of their malleability, are easily formed 
ihto tiiose various vessels which are of daily use 
for culinary and other purposes ; while tin poS- 
ibsees the property of malleability in compara- 
tively a sUght degree: and, corr6spondently with 
the extent of their use, iron and copper are 
fimnd in great abundance and in almost every 
part of the world; while titi is of very rare occur- 
naice. Again, the two fonner metals are easily 
ntsted ; and, from the poisonx>us quality of the 
nurt; of o^per, fatal effects on human health and 
life would, be frequently occurring, used so ex- 
te»sivdly as that metal is for the construction t)f 

o 
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vessels in which our food is prepared, were it not 
defended by that superficial coating of tin,whichis 
commonly applied to the inner surface of such ves- 
sels ; tin being neither easily rusted, nor capable 
of communicating any poisonous quality to sub- 
stances brought into contact with it. Let us then 
suppose that the respective degree of malleability, 
or of fusibility, were reversed in these metals ; 
and observe the inconvenience that would ensue. 
Let the tin have that degree of malleability, for 
instance, which would render it capable of sup- 
plying the place of the iron, or the copper, in the 
construction of various economical vessels and 
instruments ; yet, from the small quantity in 
which it occurs in the world, the supply of it 
would soon be either exhausted, or its price would 
be so enhanced that it could not be purchased ex- 
cept by the rich. And, even if the supply were 
inexhaustible, yet, from the softness of the metal, 
the vessels made of it would be comparatively of 
little use ; and from the low temperature at which 
it melts, it could not be readily used for the ge- 
nerality of those purposes to which copper and 
iron are commonly applied. On the other hand, 
let the copper or the iron be as fusible as tin; 
and let the tin be as refractory under the action 
of heat SIS iron and copper are : in that case, how 
could the tin be applied with any degree of eco- 
nomy to the surface of either of the other two ; 
while they themselves would be unfit, from their 
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easy fiisibility, to withstand that degree of heat 
to which they are necessarily Exposed in many of 
the economical uses to which they are iapplied ? 
There remains to be considered one property 
erf metals with respect to their fusibility, which 
is of the highest practical importance ; for on 
this property depends the possibility of uniting 
together portions of the same, or of different 
metals, without fusion of the metals themselves. 
If two metals be melted into one uniform mass^ 
the compound is called an alloy; and in the 
greater number, of instances, if not in all, the 
alloy is more readily fusible than either of the 
component metals : and hence it easily becomes 
a bond of union between the two metals, or dif-^ 
ferent portions of either of them. Such an al- 
loy, when so employed, is called a solder. In 
considmng the present subject, we cannot over^ 
look a remarkable analogy between metallic sub- 
stances and building stones, with reference to 
one mode in which they may respectively be 
united to each other, so as to form one solid 
mass ; mortar being to stones what solder is to 
metals. Thus, in uniting two metallic surfaces by 
means of solder, it is requisite that the latter 
should be in a fluid state, or melted; and, in 
uniting the surfaces of two bricks or stones by 
means of mortar, the latter must be, if not in ab- 
solutely a fluid, yet in a soft and yielding state : 
and the final hardening of each is the efficient 

o2 
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cause of permanent union. The period indeed 
requisite for the due consolidaticm of the uniting 
medium is very diflferent ; the solder becoming 
fixed in a few seconds, the mortar requiring some 
hours, perhaps days, for its consolidation : but, 
in the end proposed, there is no essential differ- 
ence ; for the mortar, if originally tempered well, 
and well applied, as firmly unites the stones, as 
solder the metals : so that mortar might be called 
9L slowly acting solder ; and solder, an eitempoi 
raheous or quickly acting mortar. 

It would appear a paradox, if not an ab- 
surdity, to affirm abruptly that a lia:bility to 
rapid decay is among the most important pro^ 
perties of any substance in general use: and 
yet this may be truly affirmed of iron. Foi* 
though, in one sense, its liability to rust dimi- 
nishes the value of this usefiil metal,. ba^use it 
* consequently alm<«t impossible to present it 
very long in an entire state ; yet, indirectly^ this 
property, though detrimental to- individuals, is 
beneficial to the community : for, in the first 
fdace, the presence of iron ore is so general, 
and its quantity so abundant, that there is ik> 
{u'obability of any failure in its supply : and, in 
the next place, numerous branches of trade axe 
k^pt in continued employ, both in working the 
-ore, and in meeting the constandy renewed de^ 
oHand for implements made of iron, owing to the 
Irapid corrosiim of this metal. 
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AmoDg the metals thend is one, the history of 
.which otight iM)t to be overlocd^ed on the pore- 
^nt occasion, from the very circumstance that 
its Talue in a great measure depends on the ab- 
sence of most of those properties ivhich rend» 
all. Other metsds valuable. Quicksilver is the 
metal in question : and what an anomaly does 
it not present in the general history of metals; 
existing, imder all common variations of tem- 
perature, in a fluid state, while all other metals, 
wdth which we are familiar, are, under the same 
yariatioiis, solid ; nor indeed are they capable 
of becoming fluid, but by an elevation of tem- 
perature to which they are hardly liable to be 
exposed, unless designedly: lastly, in conse- 
quence of its fluidity, destitute of malleability 
and ductility ; which are among the most valu- 
able properties of the metals taken collectively? 
This state (rf fluidity, however, is the very point 
on* which the valufe of this metal in a great, mea^ 
sure turns : for hence it is successfully employed 
Ibr many purposes, to which, were it solid, it 
would be inappHcable. How valuable is its use 
in the construction of the common thermcmieter 
and barometer; the value, in the case of the 
fwmer instrument, depending entirely on its 
fluidity, and on the physical characters of the 
fluid itself — ^the equable ratio, for instance, of 
its contraction and expansion under widely va- 
rying degrees of temperature ; and its property 

o3 
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of remaining fluid through a greater range of 
temperature than any other known substance *. 
And, in the case of the barometer, what fluid i» 
there which could supply the place of quick- 
silver, with any degree of convenience? since, 
from the great specific gravity of this metal, a 
column of the perpendicular height of about 
thirty inches, sufficiently answers the intended 
purpose; which column in the case of almost 
every other fluid, would amount to as many 
feet. And as, in such a case, the column must 
necessarily be contained in a ^ass tube, in order 
to make the alterations in its height visible, how 
would it be possible to render such an instru- 
ment portable ? and yet, if not portable, it would 
often be of no use when most wanted. 

In those numerous philosophical experiments 
in which it is requisite to insulate portions of 
various gaseous substances, for the purpose of 
examining their properties, how could the ex- 
perimentalist proceed without the use of the 
metal now under consideration; which by its 
fluidity readily yields its place to the various 
kinds of g^ which are to be transferred to ves- 
sels previously filled with the quicksilver ; and, 

^ Quicksilver does not become solid till exposed to a tern, 
perature about seventy degrees below the freezing point in the 
scale of Fahrenheit ; nor does it pass rapidly into a state of va- 
pour till exposed to a temperature equal to nearly three hun. 
dred and seventy degrees above tjie boiling point of water, on 
the same scale. 
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having no chemical affinity for the greater num- 
ber of gaseous substances, is calculated to retain 
them in an insulated and unaltered state for 
an indefinite length of time? nor let us forget to 
observe, how the properties of the metal, which 
is necessarily in contact with the gaseous sub- 
stances in question, conspire with thej^operties 
of the glass vessels containing those gaseous sub- 
stances, to facilitate the observations of the phi- 
losopher : for, if the glass were not both a trans- 
parent body, and equally devoid as the quicksil- 
ver of any chemical affinity for the gas contained 
in it, the metal itself would be of little use for the 
purpose intended ; since we are not acquainted 
with any other substance that could supply the 
place of glass — with the exception perhaps of 
rock crystal ; which however could only be pro- 
cured in small quantity any where, and could 
not be worked into a convenient form but at a 
most enormous expense. 

SECT. VII. 

Common Salty ^c. 

It does not appear that the mineral kingdom 
contains a single species capable of being em* 
ployed as food : but there is one mineral species, 
which indirectly contributes to the nourishment 
of many other animals as well as man ; and that 
is common salt : the flavour of which, to a cer- 
tain extent, is not only grateful to the palate, 

o4 
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but, ' practically speaking, mankind could not 
iexist, or at least never have existed, without the 
constant use of it. Thus, though employed in 
vigry small quantities at a time by any indi* 
vidual, and almost exclusively for the purpose 
either of preserving or of rendering his food 
more palatable, this substance may fairiy be 
classed among the principal necessaries of life : " 
and, correspottdently with this statement, we 
find that nature has supplied it in abundance, 
indeed in profusion often, in various parts ot 
the globe : for, to say nothing of those appa- 
rently inexhaustible masses which occur among 
the solid striata of the earth, and which have 
been constantly quarried throu^ successive 
ages from the earliest records of history, the 
ocean itself is a never^failing source of this 
valuable substance. In other instances salt 
springs afford the means of a ready supply t 
and, throughout a considerable part of the sandy 
districts of Africa and Asia, the soil itself abounds 
with it®. The abundant supply of common salt 

, « It does not bel^og to our present purpose to describe the 
common processes by which the salt is obtained either from the 
sea, or from any other liquid, that may hold it in solution : but 
the following account of a particular process, for this purpose, 
so well illustrates the ingenuity of the human mind in taking 
advantage of natural hints* if the expression may be permitted, 
that no excuse can be necessary for its introduction. In Guiana 
there is a very common species of palm, the flowers of which are 
enveloped by a sheath capable of holding many pints of water ; 
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cmncides with its extensiye utility. It is every- 
where indispensable to the comforts of man; 
and it is every where found, or easily obtained 
by him. And, though not to the same extent, 
the same observation holds with reference to 
many other natural saline compounds. Thus 
carbonate of potash, and natron or carbonate of 
soda, alum, borax, sal ammoniac, and sulphate 
of iron, or green vitriol, which are most exten- 
sively us^l salts in many processes of the arts, 
are either found abundantly in various parts 
of the world, or may be obtained by very easy 
means : while a thousand other saline compounds, 
which are rarely of any practical importance, 
are scarcely known to exist in a native state. 
And it is probable that that useful metal, copper, 
in consequence of its frequent occurrence in a 
native state, was employed long before the mode 
of reducing iron from its ores had been disco* 
vered ; as Werner (and Hesiod, and Lucretius, 
ages before him ^ conjectured. 

and the density and general nature of the sheath is such^ that 
the water contained in it may he heated over a fire without de- 
gtroying its substance : and the Canobs actually employ these 
sheaths^ in evaporating the sea-water for the purpose of obtain- 
ing a quick supply of salt. (Diction, des Sciences Nat. tom. xxxvii, 
p. 283, 4.) 

EPr.KAlHM. line 151. 
Posterius Ferri vis est, .^risque reperta. 
Et prior -^ris erat quam Ferri cognitus usus. 

LucRBT. V. 1285. 
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CHAP. VIII. 

Adaptation of Vegetables to the Physical 

Condition of Man. 

SECT. I. 
General Observations ^on the Vegetable Kingdom. 

THE vegetable kingdom has this distinction 
with reference to the subject of the present trea- 
tise, that its productions are among the first ob- 
jects that forcib\y attract the attention of young 
children ; becoming to them the source of grati- 
fications, which are among the purest of which 
our nature is capable ; and of which even the in- 
distinct recollection imparts often a fleeting plea- 
sure to the most cheerless moments of after-life. 

Who does not look back with feelings, which 
he would in vain attempt to describe, to the de- 
lightful rambles which his native fields and mea- 
dows afforded to his earliest years? Who does 
not remember, or at least fancy that he remem- 
bers, the eager activity with which he waa used 
to strip nature's carpet of its embroidery, nor 
ceased to cull the scattered blossoms till his in- 
fant hands were incapable of retaining the ac- 
cumulated heap ? Who, on even seeing the first 
violet of returning spring, much more on inhal- 
ing its sweetness ; or in catching the breeze that 
has passed over the blossom of the bean or of 
the woodbine, does not again enjoy the very de- 
lights of his early childhood ? 
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It may be said indeed that the pleasure of 
such recollections is for the most part of a moral 
and intellectual nature; and, so far, is foreign 
to our present object: but the pleasure of the 
original enjoyment appears to be principally of a 
physical character ; and is no doubt intended to 
produce, at the moment, a highly beneficial, 
though merely physical efiect: for while the 
eye of the child is attracted by the unexpected 
forms and colours of the plants and flowers pre- 
sented to his view, and his mind is instigated to 
gratify the eager desire of possessing them, he 
necessarily subjects his limbs to that degree of 
exercise and fatigue, which contributes to the 
general health of his body. Nor let such plea- 
sures be undervalued in their consequence : they 
give that moderate stimulus to the whole sys- 
tem, which even the early age of infancy re- 
quires; and, by shutting out the listlessness 
that would arise from inactivity, they become 
eventually the source of moral and intellectual 
improvement. 

With reference to the primary wants of man- 
kind at large, the vegetable kingdom is of the 
highest importance. Let the earth cease to pro- 
duce its accustomed fruits, and every form of 
asiimal life must be soon annihilated: for all 
animals either derive their nourishment directly 
from vegetable food, or feed on those animals 
which have themselves fed on vegetables. And, 
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wi^KHit the aid of the same prodticti<ms, we 
should be depriyed of yarious substances wMch 
are now employed for clothing, axid Aiel, and 
the construction of our habitations. But the 
adaptation of the yegetable kingdom to the arts 
and conyeniences of life is yisible in numerous 
other instances : and the principal difficulty, in 
illustrating this point, is the selection of ap- 
propriate examples, and the order of their ar^ 
rangement. 

SECT. II. 
The Cocoa-nui TreCj indtuUngtheJbrmation of Coral Ree^. 

For the purpose of introducing in a more par^ 
ticular manner the general subject of this cbup- 
ter, and as an impressiye example of the im^ 
portant ends which nature often accomplishes 
by the simplest means, I propose to consider 
the mode in which the cocoa-nut tree is spontar 
neously propagated in the coral i^ands of the 
Indian Archipelago and elsewhere : nor will H be 
an undue anticipation of a subsequent depart- 
ment of this treatise, if I preyiously giye a brirf 
description of the process by which those islands 
have themselyes been brought into existence. 
The account of their origin indeed belongs more 
strictly to tl^ history of the animal than of the 
yegetable world; but the two subjects are so 
naturally connected, that it would be injudicious 
to separate them. 

It may be collected from the obs^ryations of 
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the French navigator, M* P^ron, (Ann. du Mns. 
torn. vi. p* 30, &G.) that almogt all those count- 
less islands of the Pacific Ocean, which are found 
to the* south of the equator between New Hol- 
land and the western coast of America, are 
^ther ^Qtirely or in part made up of coral : and 
ail the adjacent ocean abounds with coral reefs, 
which, constantly augmenting, are constantly 
changing the state of bays, and ports, and 
gulfs; so that new charts are continually re- 
Quired for the same coasts. From Barrow also 
it appears, (Barrow's Cochin China, p. 167,) that 
-the formation of coral reefs or isles is rery com- 
mon in the tropical parts of the Eastern and Pa- 
cific Ocean. And Captain Flinders says that 
1^ quantity of coral reefs between New Holland 
and Jfew Caledonia and New Guinea, is such, 
that this might b^ called the Corallian Sea. 
(JElinders's Voyage, vol. ii. p. 814). 
. Many more references might be made, to 
otheiB as well as the above-mentioned voy- 
agers, in order to shew that the formation of 
coocal islands is eflTected by nature on a very ex- 
tensive scale : but, for the [^resent purpose, the 
p^ecedii^ references may be considered suffi- 
cient. Jjet us now therefore describe the gene- 
3ral character and mode of formation of these 
islands* 
- l^orster says » that the low islands of tropical 

' t PoMter's Voyage round tlie World, p. 14, 15. 
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seas are commonly *^ narrow, low ledges of coral 
rock, including in the middle a kind of lagoon ; 
and having here and there little sandy spots, 
" somewhat elevated above the level of hi^ 
" water, on which cocoa-nuts thrive :" corre- 
spondent with which description is the account 
given by captain Cook, on the occasion of dis- 
covering one of these coral reefs ; which was at 
first mistaken by him for land. " This proved to 
" be," he says, " another of those low or half- 
" drowned islands, or rather a large coral shoal, 
" of about twenty leagues in circuit. A very 
" small part of it was land, which consisted of 
'' little islets ranged along the north side, and 
" connected by sand-banks and breakers. These 
" islets were clothed with wood, among which tiie 
" cocoa-nut trees were only distinguishable. We 
'^ ranged the south side of this shoal at the dis- 
** tance of one or two miles from the coral bank^ 
" against which the sea broke in a dreadful surf. 
'^ In the middle of the shoal was a large lake, or 
^^ inland sea, in which was a canoe under sail." 
(Cook's Voyage, 4to. 1777. vol. i. p. 141, 142.) 

Coral, considered as an individual substance, 
is a natural form of carbonate of lime, produced 
by an animal of the polype kind. The particles 
of carbonate of lime, however produced, are 
c^nented together so firmly by a glutinous se- 
cretion of the same animal, as to acquire a de- 
gree of consistence, which not only forms a safe 
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habitation for a race of animalcules, from their 
soft texture most obnoxious to external injuries ; 
but which is calculated to resist the utmost ac- 
tion of the sea, and in many instances to protect 
the original Buifece of th/earth itself f^m its 
assaults. Thua almost all the tropical islands, 
which Cook saw in the South Pacific Ocean, are 
guarded from the sea, to a greater or less extent, 
by a reef of coral rocks, extending out from the 
shore to the distance of six hundred feet and 
farther ; and on this reef the force of the sea is 
spent before it reaches the land : and thus na^ 
ture has efiectually secured these islands from 
the encroachments of the sea, though many of 
Uiem are mere points when compared with that 
vast ocean ^. 

As the specific gravity of coral is greater than 
that of sea-water, the structure of a coral reef 
necessarily commences either from the natural 
bed of the ocean, or from the surface of some 
submarine rock ; and, as may be collected from 
the nature of the soundings among coral reefs, 
the whole structure is very frequently disposed 
in the form of a crescent; sometimes even ap- 
proaching to a circle. This crescent is, on the 
convex side, built up throughout in very nearly 
a perpendicular direction ; so as to form a wall, 
which is exposed to that quarter from whence a 
stQrmy sea most frequently prevails. The in- 

h CJook's Voyage, 1777, 4to. vol. i. p. 212. 
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tenor of the starQCtcure se^ns g^raduaUy to dielve 
off; so that aboat die c^itre of die incloeed, c^ 
partially inclosed space, the sea is found of its 
natural depth. Corre^>ondently with »ich an 
arrangement, it happens usually that the sounds 
ings gradually lessen from the centre of the area 
inclosed by a coral reef, towards the exterior 
ridge ; and then suddenly ^nk to two hundred 
fathoms or more. 

To the forgoing observations I shall subjoin 
the ofunion of captain Flinders on the pro- 
cess observed by nature in the formation ci 
coral re^s. '^ It seems to me,'' he says, '' that 
** when the animalcules, which fimn the coral 
** at the bottom of the ocean, cease to live, their 
" structures adhere to each other 1^ virtue 
either of the glutinou3 remains within, or of 
some property in salt water; and the inter- 
^* stices being gradually filled up with sand and 
** broken pieces of coral washed by the sea, 
^* which also adhere, a mass of rock is at length 
^ formed. Future races of tibese animalcules 
** erect their habitations upon the rising bank, 
" and die in their turn ; to increase, but princi- 
" pally to elevate, this mcmument of their won- 
" derfiil labours. The care taken to work per- 
pendicularly, in the early stages, would mark 
a surprising instinct in these diminutive crea- 
^^ tures. Their wall of coral, for the most part 
^^ in situations where the winds are constant. 
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" being arriyed at the surface, affords a shelter ; 
" to leeward of which their infant colonies may 
" be safely sent forth : and to this, their in- 
" stinctive iforesight, it seems to be owing, that 
** the windward side of a reef, exposed to the 
" open sea, is generally, if not always, the high- 
" est part ; rising almost perpendicularly, some- 
" times from the depth of two hundred and 
" perhaps many more fathoms. To be con- 
" stantly covered with water seems necessary to 
" the existence of the animalcules ; for they do 
**^ not work, except in holes upon the reef, be- 
** yond low-water mark : but the coral sand, 
" and other broken remnants thrown up by the 
" sea, adhere to the rock, and form a solid mass 
" with it, as high as the common tides reach. 
" That elevation surpassed, the future remnants, 
" being rarely covered, lose their adhesive pro- 
** perty ; and^ remaining in a loose state, form 
" what is usually called a key upon the top of 
" the reef. The new bank is not long in being 
** visited by sea birds ; salt plants take root upon 
" it, and a soil begins to be formed ; a cocoa- 
" nut, or the drupe of a pandanus, is thrown on 
" shore ; land birds visit it, and deposit the seeds 
" of shrubs and trees ; every high tide, and still 
" more every gale, adds something to the bank ; 
^^ the form of an island is gradually assumed ; 
" and, last of all, comes man to take possession '." 

» Flinders's Voyage, vol. ii. p. 115, 116. 

P 
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In the base of a coral idand o£ the above 
description, captain Flinders distinguished not 
only the sand, coral, and shells, formerly thrown 
up, in a more or less perfect sts^ of cohesicm ; 
but also small pieces of wood, pumice-stone, and 
other extraneous bodies, which chance had mixed 
with the calcareous substances when the cohe- 
sion b^^an, and which in some cases w^e still 
separable from the rock without much force ^. 
Such sand-banks are found in different stages 
of progress ; some being overflowed with every 
returning tide; some raised above hi^-water 
mark, but destitute of vegetation ; some, lastly, 
habitable and abounding in trees. 

Let us here pause for a moment to contem- 
plate the wonderful effect produced by apparently 
the most inadequate means. And wonderftd in- 
deed is the effect, even if the process above de- 
scribed wcare now to cease for ever ; but much 
more, if we look to its probable extension : for, 
reasoning on what has already been acottn- 
plished, and on what is at this moment rapidly 
advancing, it is evidently probable that a new 
habitable surface of land may be eventually 
produced, equal in extent to the whole of Eu- 
rope, and produced by the agency of a tribe of 
animals, which occupy very neariy the lowest 
steps in the scale of animal creation, and whioh 
in every other respect are the most inefficieat 

^ Flinders's Voyage, vol. ii. p. 116. 
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arid heljrfess of creatures. For, fixed as they 
are, both individually and collectively, to a com- 
pletely local habitation ; or, rather, buried as it 
imere in a strong mass of coral, and literally 

" Each in his narrow cell for ever laid,^' 

their general appearance and mode of growth 
so little resemble the animal character, that, for 
a long time, many of the species were considered 
as <tf vegetable origin ; and are, even now, very 
coitimonly called zoophytesy or animated plants. 
Nor let us fail to obs^ive, in the foregoing 
account, the physical fitness for each other of 
t^a very difierent departments of nature. The 
same gec^raphical climate which gives birth to 
those animals, whose labours produce this pre- 
viously unexpected habitable surface, gives birth 
also to those vegetables, \<rhich, at the same time 
that they ate capable of growing on so loose 
and poor a* soil> are capable brides of supply- 
ing its future inhabitants not only with nutri- 
tiotis £dod, both in a liquid and a solid form, 
but with materials for constructing their habi- 
tatibnS) and for many odier useful purpose. 
And in the mean time the fowls of the afa*, aad 
the very winds and waves, are all employed in 
administering to the beneficent intentions of 
Rrovidence. Of little use would be a new habit- 
able surface, were it nefver to be t^ianted by hu- 
man beings ; and in vain would man attempt to 
colonize that surface, were it barren of vegetable 

p2 
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productions: but the seeds of various plants, 
as we have seen in the foregoing descriptions, 
are either brought by birds, or drifted by the 
wind and waves, to a soil calculated to support 
them. 

Among the vegetable productions of coral 
islands, the cocoa-nut tree stands preeminent in 
value ; containing in itself nearly all those im- 
portant properties, which are found at large in 
that natural family of plants, the palms : and 
valuable indeed are those properties, if we may 
rely on the accounts which have been given of 
them by different authors ; and of the truth of 
those accounts there is no sufficient reason to 
doubt. Johnston \ speaking of the abundance 
of the cocoa-nut tree in India, where he says it 
occurs to a greater extent than the olive in 
Spain, or the willow in Holland, affirms thst 
there is no part of the tree which is not applied 
to some useful purpose. Not only the cabins of 
the poorer natives, but large houses, are con- 
structed entirely with materials afforded by this 
tree; the trunk, whaa split, supplying rafters, 
&c.; and the leaves, when plaited, making 
roofe and walls, which are impervious to wind 
and rain. The statement of Johnston is con- 
firmed by captain Seely, in his account of El- 
lora "*, who says that " when he was stationed at 

1 Johnstonus de Arboribus, p. 146, &c. 
«» London, 1824, 8vo. p. 284. 
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** Goa, in 1809, he lived, as many others did, in 
" a cocoa-nut-leaf house ; and that although the 
" period was in the very height of the monsoon, 
^* and the house was on the sea-coast, it was 
** comfortable and warm. He believes that not 
** a nail was used in the whole building : the 
" rafters and supporters, &c. were fastened on 
** with string made of the fibrous envelope of 
** the cocoa-nut shell ; the wood was the tree 
^* itself ; the roof, walls, doors, and windows 
** were the leaf." From the same authority we 
learn that the fibres, enveloping the shell of 
the nut, may be woven into a cable by which 
ships of seventy-four guns have safely rode out 
heavy gales of wind, when European cables have 
parted. 

In the Wemerian Memoirs, vol. v. p. 107, &c., 
is a very interesting account of the cocoa tree ; 
in which the author states that this tree will grow 
on the sand of the sea-shore, where scarcely 
any thing else will vegetate : which corresponds 
with the account of an author above mentioned, 
who, speaking of its growth, says, " radicem ha- 
" bet tenui spatio porrectam ; et quae quasi con- 
** tra fidem terrae inhaeret^." And these state- 
ments are quite in accordance with the observa- 
tions of captain Flinders. 

From other sources we learn that this tree 

n Johnstonus de Arboribus, p. 145. 
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bears fruit twice or thrice ifi the year ^ ; that ihe 
half-ripe nut contains sometimes three or four 
pints of a clear aqueous Auid, fragrant, and 
pleasant to the taste ; and that the nut itself, 
from its highly nutriticHis qualities, is used as 
analim^itinallint^-tropicalcoitfitriesP. In the 
Yj(4ume of the Wemeriaa Memoirs aboye ^^n- 
tioned, it is said that in 1013 the numl^r^of 
cocoa trees cultivated in Ceylon, along a line 
of coast of about 184 miles, was ten millions, 
and that that number waB increased in following 
years ; that this tree is fruitfi4 from its eigl^th 
to its sixty-fourth year, and sc^netimes bea^ 
from eighty to one hundred nuts annually; thf^i 
elephants are fed on cocoa-nut leaves ; and d^at 
the ashes of the tree contain so great a propw- 
tion of potash, that the native washermen of 
Ceylon use them instead of soap^. 

Jn the Nouv. Diet. d'Hist. Nat. tom. vii. p. 297, 
&c. it is stated, that, as in other p^lms, if the ex- 
tremity of the sheath from whCTice the flowers of 
the cQcoa arise be cut off while yo^ng, a whitp 
sweet liquor distils from it, which is used ex- 
tensively as a beverage in India under the ngj^ie 
of palm wine ; that this liquor, if concentrated 
by boiling, deposits a sugar ; that if exposed to 
the air it acquires vinous properties at the pntf 
of twelve hours, and at the end of twenty-four 

o Nouv. Dictionn. d'Hist. Nat. tom. vii. p. 297, 298. P Ibid, 
q Wern. Mem. vol. v. p. 110 — 127- 
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lionrs becomes, vinegar ; that an oil may be ob- 
takted from the nut, «rhicfa is not inferior to 
sweet aimond oil, and which is used almost ex- 
clusivdy in India ; and that the shell is formed 
inio cups and various other small articles. 

AliBKist all that has been said of the cocoa tree 
might be repeated of the date tree, making an 
allowance for the specific differences of the two : 
and with respect to the palms in general, Hum- 
boldt says it would not be easy to enumerate the 
i^uious advantages derived from them. " They 
" afford wine, vinegar, oil, farinaceous food, 
" and sugar ; timber also, and ropes, and mats, 
" and paper ; and," he adds, that " no trees are 
" so abundant in fruit, even without the aid of 
" cultivation ; and that the Franciscan monks, 
" who live in the vicinity of palm plantations, 
" near the banks of the Orinoco, observe that 
" the native Indians give evidence of a fruitful 
** palm year, by the corresponding improvement 
" in their health and appearance '." 

I shall conclude this part pf the subject with a 
translation from the Flora Atlantica of Desfon- 
taines, for the introduction of which no apology, 
I trust, is necessary. In describing the natural 
scenery of groves of palm, the author concludes 
with the following beautiful passage. "These 
" palm-groves, being impervious to the sun's 
" rays, afford a hospitable shade, both to man and 

' Humboldt, Distrib. Geogr. Plant, p. 216—240. 
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" other animals, in a region which would oth^!- 
" wise be intolerable from the heat. And under 
-" this natural shelter, the orange, the lemon, the 
'' pomegranate, the olive, the almond, and the 
" vine, grow in wild luxuriance ; producing, not- 
" withstanding they are so shaded, the most de- 
" licious fruit. And here, while the eyes are fed 
" with the endless variety of flowers which deck 
" these sylvan scenes, the ears are at the same 
" time ravished with the melodious notes of nu- 
" merous birds, which are attracted to these 
" groves by the shade, and the cool springs, and 
" the food which they there find »." 

SECT. III. 
Vegetables as a Source of Food. 

It appears from various statements of au- 
thority, that the species of vegetables already 
known amount to about sixty thousand ^ : though 
there is reason to believe the actual number is 
above a hundred thousand": and, from the ge- 
neral analogy of nature, we may fairly conclude 

» " Palmeta radiis soils impervia, umbram in regione calidissima 
'* hospitalem incolis, viatoribus, 8eqip;e ac animantibus ministraBt. 
'' Eorum denso sub tegmine» absque ordine crescunt aurantia, 
" limones^ punicae, oleae, amygdali, vites, quae cursu geniculato 
saepe truhcos palmarum scandunt. Hae omnes fructus sua vis- 
simos, licet obumbratae, ferunt ; ibique mira florum et fi*uctuum 
varietate pascuntur oculi ; simulque festivis avium cantilenis, 
'^ quas uipbra, aqua, victus alliciunt, recreantur aures/* 

Desfontaines, Flora Atlantica, torn. ii. Append, p. 439. 
* Conversations on Vegetable Physiology, vol. ii. p. 108. 
u Decandolle, Theorie Elem. de la Botanique^ 8vo. 181 9/p. 25. 
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Aat no iq)ecie8 exists without its use in the 
economy of the earth. Of many indeed we 
witness the direct use, either for the various 
purposes of civilized society, or for the sus- 
tenance of animal life : ^ but for the present let 
us confine our attention to the latter point in 
their history ; and, although whatever is adapted 
to the sustenance of animal life in general, is in- 
directly adapted in a great measure to the ac- 
tual condition of man, and would therefore justly 
come within the scope of this treatise ; yet, that 
we may not extend the subject too far, let us 
consider those species only which constitute the 
direct food of man ; subject indeed frequently to 
such culinary preparations as make our food not 
only more palatable, but also more nutritious. 

Among the numerous species of vegetables 
which supply food to man, by far the greater 
proportion consists of those which may be con- 
sidered upon the whole as mere luxuries ; or at 
tnost, as afibrding an agreeable and sometimes 
useful variety. Of those species which afford 
that kind of nutritive matter which is contained 
in what has been emphatically called the staff 
of life, or bread, the number is very small ; legu- 
minous plants, and wheat, and rice, the fruit 
and pith and other parts of some of the palms 
and bananas, and such farinaceous roots as the 
potato, &c. comprising nearly the whole amount. 

It would be unnecessary to poiilt out more 
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particularly the impMtaiice i)f some of die fim* 
gwig species, to any one at all cony^rsaiit wiA 
the general mode of life of Europ^ins as te 
food: and a ^Ught acquaintance with the 1^ 
tory of the wiCMrld is sufficient to shew us, that, 
what wheat and the potato are to Europe, rice 
is to a consid^^ble portion of Asia, Africa, and 
Ammca; and the products of the date and 
cocoa, palms, &c. to the int^r*tropicdl countrks 
of the whole earth. But there are some natasai 
analogies afforded by those species, with re* 
fer^ice to the animal kingdmn, which are well 
worthy of observation. 

In the animal kingdom all those i^>ecies which 
serve extensivdy for food, as oxen and sheep and 
swine among quadru(>eds ; the turi^ey , the com^^ 
mon fowl, and the duck, &;c. among birds ; and 
the salmon, cod, herriii^, &c. among fish, are 
either naturally of a gregarious nature, w aie 
easily kept together, by human means, in large 
bodies; and therefore are much betto* adapted 
to the purpose of supplying food to man, than if 
they were either solitary, or scattered into sBnail 
groups. And so it is mth respect to the vege* 
table species above described : they Bxe capable 
of being cultivated, gregariously as it were, with 
comparatively little labour and attention. Thm 
in our own, and other European countries, the 
daily labourer, after his hours of hired work 
for others, can cultivate his own private field of 
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wheat or of potatoes, with very Ihtje additional 
expense of time or trouble. And as to the cul- 
tirattim of the tr<:^ical fruits, scarcely any labour 
is required for tb^ purpose : so that to the less 
hardy natives of those climates ib(e assertion of 
the poet is strictly appJioable, 

^^ Fundit huiai facilem yietuiu justissiina tellus.'*^ 

A furtb^ Bxidiogy is obs^*yable in the degree 
of fertility erf tjie respective vegetables and ani- 
mals. Among the animals which are destined 
for the Ibod of man, the species are upon th$ 
whole prdific in proportion as they are either 
sm^ll in size, or inferior as to the nutritive qua^ 
lity of their flesh. The cow, which is a large 
animal, produces one usually at a birth; the 
sheep very commonly two; swine, several. 
Poultry, which are comparatively small, are 
capable of rearing a numerous brood ; and fish, 
which are of a less nutritious nature, aod gene- 
rally smaller than quadrupeds, are still more 
prolific. And, similarly, in the vegetable spe- 
cies which are destined for the food of man, the 
numerical quantity of the product in a given 
area is greater or less, in proportion to the indi- 
vidual size o£ the fruit produced. Dates, which 
are smaUbr than cocoa-Buts, are produced in 
greater number than the latter ; and in a square 
yard of soil, a much greater number of grains of 
rice or wheat is produced than of roots of the 
potato. 
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Lastly, another analogy may be observed with 
reference to the palate. The taste of the flesh 
of those species, which constitute to man the 
staple as it were of animal food, is acceptable 
to most palates. And it is neither so rich as 
soon to cloy the appetite on the one hand, or 
invite it to luxurious indulgence on the other ; 
nor so devoid of flavour, as to deter us from 
taking a proper quantity. And is it not the 
same with respect to those vegetable species, 
which are among the most ordinary and most 
necessary articles of our food ? If com, and the 
potato, and the cocoa-nut, had the pungency of 
euphorbium, the nauseating quality of ipeca- 
cuan, the heat of pepper, or the lusciousness of 
sugar, on the one hand, or the insipidity of 
powdered chalk on the oth^r ; what an under- 
taking would it be to satisfy the craving of 
hunger with any one of those vegetables ^ ! 

It will be in vain to urge, in opposition to the 
foregoing position, that custom in particular in- 
stances renders many things tolerable, and even 
pleasing to the taste, which at first were dis- 
gusting ; for it would be found that in such in- 
stances custom has arisen from necessity, which 
often brings us acquainted with strange com- 

X On many occasions^ however^ pungent^ or aromatic suIk 
stances, as garlic^ mustard^ and spices^ added to food compara- 
tively of little flavour^ as rice^ &c. make it more palatable^ and 
more easily digestible. 
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panions ; or from a depraved taste. None have 
ever consented voluntarily to feed on the flesh 
of horses> or of ravens ; and caviare will always 
be caviare to the multitude. 
, Next in importance to those vegetable species 
which either afford the material of bread, or an 
equivalent for it, may be classed those which 
contribute partly to the nourishment of man, and 
partly to his health and solace. The human sys- 
tem certainly may be, and too often from neces- 
sity absolutely is, supported solely on the nutri- 
ment afforded by the former species : but if we 
view the actual state of society, we find that 
many vegetable species and products may now 
properly be classed among the necessaries of 
life, which for many ages remained either un- 
discovered, or were only locally known, or 
sparingly employed ; of which it will be quite 
sufficient to mention tea>^, and sugar, and the 
potato. The sugar cane has for such a length 
of time usurped the prerogative of supplying the 
world with sugar, that other sources have been 
little considered : but even in cold climates there 
are plants capable of affording it in considerable 
quantities. There is, for instance, a species of 
maple cultivated in North America for the sake 

y During five years^ beginning with 1826^ about one hundred 
and fifty million pounds of tea were sold at the East India 
House^ the average annual consumption being, according to the 
precedipg statement, thirty million pounds. 
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of the sugar obtained &om itft sap^ wkach is 
capable of returning a very giieat profit to it» 
cultivator; of which die foUcFwing document, 
copied from a note by Dr. Hunter in his edition 
of Evelyn's Sylva, is a sufficient proof; there 
being no reason to suspect any fraud^. It iff 
added in the same note, that a single family, 
consisting ot a man smd his two sons, on the 
maple-sugar lands between the Delaware and 
Susquehannah, made 1800lbs of maple sugar in 
one season. The whole note, consisting of eigl^ 
closely printed quarto pages, which £^pears ta 
have been furnished by Dr. Rush of Pennsyl- 
vania univereity, is well worth the perusal*. 

If we consider the subordinate wants of the 
animal economy, we must in reason allow that 
those succulent fmits and vegetables, which are 
abundantly produced in almost all parts of the 
world, are destined by Providence fbr an im- 
portant end with refi^ence to the food of man. 
The very fonn and arrangement of our teeth, 

« *' Reeeiredi Cooped Town, April 30; 1790, of W. Cooper, 
'^ sixteen pounds, for 640 pounds of (maple) sugfu*, made widi 
'^ my own hands, without any assistance, in less than four weeks; 
'^ besides attending to the other business of my farm, as provid- 
" ing fire-wood, taking care of the cattle, &fe. 

" Witness R. Smith." " John NichoUs." 

SiLVA, 3d ed. by A. Hunter, York, 1801. vol i. p.l90. 

A The tree commonly called the sycamore, which is really a 
species of majde, jielda a sweet sap which has occasionally been 
used to supply the place of malt in brewing. lb. p» 200. 
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and the structure of our stomachy shew, that oiur 
SE^BtMQL is naturally adapted to a mixed Sood^ and 
although those of our teeth, wMch resemble the 
oorresponding teeth of carnivorous animals, are 
so, little developed as to make it in that re- 
elect doubtiful wh^her nature intended us to 
\vi^ on flesh ; yet our stcmiach, and the rest of 
mir appamtus of digestion, -aided moreover by 
cuUnary preparation, certainly approximate us 
fully as much to the carnivorous as to the her- 
bivorous classes. It is obvious, moreover, that 
vre have an ample array of teeth for cutting and 
grinding v^etable matter. This then being the 
case, we might antecedently expect that our na* 
tniBi taste would lead us to enjoy the flayour of 
T^etable, as well as animal food ; and that nature 
would supply us with a variety of the one as well 
as of the other ; for variety itself is salutary. 

And on this as on every occa^on, we have an - 
opportunity of seeing how Providence not only 
meets all the wants of mankind, but meets them 
in such a way as their local situation requires. 
"Kms wheat, which contains a more strengthen- 
ing principle of nutrition than the product of 
the palms and arrow-root, and is therefore better 
calculated to support the hardier efforts of the 
inhabitants of temperate or cold climates, will 
not grow readily in inter-tropical climates**; and, 
reciprocally, the palms and cognate plants of 

^ Desfontaines^ Flora Atlantica^ torn. ii. Appendix^ p. 438. 
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inter-taropical regions cease to be productiye, if 
cultivated much beyond the tropics*^. And the 
orange, the lemon, the water-melon, the grape, 
and the fig, which are easily cultivated in warm 
climates^, by the abundance of their juice, are 
enabled both to allay the sensation of pres^it 
heat and thirst, and to repair the loss of that 
natural moisture of the body, which is continu- 
ally passing from it in the form of either sen- 
sible or insensible perspiration. Even in the 
temperate climate of our own island, how many 
days are there, during the summer, in which 
such fruits are most refreshing: and to gratify 
the desire of that refreshment we import such 
species as are capable of bearing a long voy- 
age ; among which the orange is a very prinri- 
pal article of import: nor would it be easy to 
calculate the myriads of that fruit which are 
annually consumed in this country. But the 

c Wern. Mem. vol. v. p. 112. 

** An interesting fact is related in the "Conversations on Vege- 
table Physiology" respecting an artificial mode of ripeningthefig. 
In hot climates the fig-tree produces two crops of fruit : and 
the peasants in the isles of the Archipelago, where the fig-tree 
abounds^ bring branches of wild fig-trees in the spring, which 
they spread over those that are cultivated. These wild branches 
serve as a vehicle to a prodigious number of small insect of 
the genus called cynipst which perforate the figs in order to 
" make a nest for their eggs ; and the wound they inflict acce- 
" lerates the ripening of the fruit nearly three weeks ; thus 
leaving time for the second crop to come to maturity in due- 
season." (vol. ii. p. 41, 42.) 
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cc^nate fruit, the lemon, at the same timje that, 
on account of the grateful and aromatic flavour 
of its juice, it is occasionally as eagerly sought 
as the orange, serves a still higher purpose : fw 
the acid contained in it has been successfully 
employed, as an antidote and a remedy for one 
of the most dreadful diseases to which mariners 
are subject. Sea-scurvy in fact has all but dis- 
appeared since the general adoption of this 
remedy ^ 

SECT. IV. 
Vegetables as applicable to Medicine. 

If vegetables are valuable on account of their 
power of afibrding sustenance and keeping the 
body in a state of health, they are also valuable 
on account of their power of restoring health 
where it has been impaired : for, however scep- 
tical some minds may be as to the powers of 
medicine in general, and however ignorcmt 
even the most sagacious and experienced medi- 
cal practitioners may be as to the precise mode 
in which any medical substance acts on the hu- 
man constitution; yet this at least is certain, 
that, in by far the greater number of instances, 

' « It is probable that fresh vegetables of any kind are sufficient 
to prevent or to remove scurvy : for it is stated in Sauer's ac- 
count of Billings's expedition^ that that disease disappeared^ even 
in so high a northen latitude as the Aleutan islands^ as soon as 
the new vegetation sprang up in April (p. 276) ; and many other 
evidences of the same fi^ might be easily adduced. 

Q 
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cer^in symptoms wMch mdieate a dic^wbed 
state of the system /Aj^ mitigated, and finally 
dttbdn^d, in ceimeqtieiice of the exMbiticm, to 
xj^e a technical term, of eertaiB r^mted vesie^ 
dies. And it is open to the observation of al- 
most every one, tha^t the vegetable kingdom m 
the most fertile source, w>t omlj of the com- 
mecmest and least efficient, but of some of the 
modt powerful medicines with which we are 
acquainted. Nor can we doubt, when We see 
similar effects resulting from the use of the 
same medicines in individuals of very different 
constitutions, that the peculiar qualities of those 
substances, with respect to the effects they pro- 
duce in the humaift system, were imparted to 
them by nature with a view to their application 
to those ends. 

It may have happened to any one in the eoi»^ 
6f the last few years, during which intermitt^it 
fever or ague has prevailed very generally n* 
this country, to witness the severe nature of soiffiO 
symptoms <rf that disease ; paroxysms of dread- 
ful rigour or shivering; nausea; intense heaA- 
apche, with delirium ; paralytic affections of the 
limbs; and burning heat of the whole body, 
teirmiiiating in profuse perspiration: and who- 
ever has witnessed such s3anptoms, recurring in 
the same individual at stated intervals, has pro- 
bably seen their return at once arrested by a 
few doses of Penivian bark, in the state of 
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pDirder; the effect of which remedy, in sub* 
daing a. violent disease, ccnnpared Mdth the 
sittall quantity of it employed for that ptii^pose, 
has been not inelegantly though playfully il- 
lustrated by that passage of the Georgics, in 
which the husbandman is taught to allay the 
occasional contests and agitations of the bees, 
by Scattering a handful of dust among them. 

'^ Hi mdtus ^atque haec certamina tanta 

" Pulveris exigui jactu compressa quifescent.'' 

And, if the vegetable kingdom had failed to af- 
ford any other medicinal substance than this, 
mankind would have still had ample cause for 
thcmkfiilness. 

But, even in the instances of those remedied 
from which nothing beyond a present or tem* 
porary alleviation is expected, the benefit usu- 
ally accruing cannot easily be estimated at too 
high a rate : and one remedy there is, of this 
nature, for which mankind is indebted to the 
v€^able kingdom exclusively. How often has 
not opium lulled the most excruciating agonies 
of pain ? how often has it not restored the balm 
of sleep to the almost exhausted body; or quiet- 
ed those nervous agitations of the whole system, 
tiife terrors of which none perhaps can duly ap- 
preciate but those who have experienced them ? 
Tfhere are however diseased or unnatural states 
6f the body, in which no direct remedy can be 
applied, and all soothing means would not only 
be ineffectual, but fatal : in such states those 

q2 
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substances, which are directly opposed in qua- 
lity to opium, and irritate instead of soothing 
the surfaces to which they are applied, are va- 
luable precisely on that account : they rouse 
the system, for instance, from a state of lethargy, 
which otherwise would probably terminate in 
death ; or they stimulate the stomach to r^ect 
any. substance of a poisonous nature, which may 
have been either intentionally or accidentaUy 
introduced into it, and they thus contribute to 
the preservation of life. Remedies of this, cha- 
racter, though not exclusively belonging to the 
v^etable kingdom, are frequently afforded by it. 
But, in enumerating the medicinal auxiliaries 
which mankind derive from the vegetable king- 
dom, let me not omit the restorative virtue of 
that gift of Heaven, which, though by its abuse 
it may intoxicate the mental faculties and un- 
dermine the general health of the body, is cal- 
culated most assuredly, when rightly used, not 
only to revive the drooping energies, but to re- 
kindle the almost expiring spark of life. Survey 
the wretched subject of what is called typhnsj 
while oppressed by those S3anptoms which justify 
the use of this restorative ; when the ^azed eye 
and squalid skin, the feeble circulation and mut^ 
tCTing delirium, announce the near approach of 
death, unless the proper medicine be interposed; 
and then watch the beneficial effect of this 
divine remedy. They who have witnessed th^ 
progress of typhus fever in some of its form^, 
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and in individuals who have lived in crowded and 
ill-ventilated habitations, will acknowledge that 
in very many instances wine alone has, humanly 
speaking, rescued the patient from the grave. 

Nor will it be irrelevant to the general subject 
of this treatise to consider the natural origin of 
wine : by which I mean, not the mode or time 
of its discovery; either of which it would be as 
useless as vain to attempt to investigate, since 
this liquid was in common use at a period long 
antecedent to history : but by its natural origin 
I mean the circumstances under which it is 
usually produced. There is a law in nature, by 
which oi^nised bodies, vegetables as well as 
animals, are disposed to undergo spontaneous 
decomposition very soon after they have ceased 
to live ; the ultimate result of which is, a resolu- 
tion into their elementary principles ; in other 
words, they putrefy and perish. But even in 
this state, in which they are deprived of all their 
former properties, they administer to the good 
of man ; and, under the name of manure, are 
known as the principal means of fertilizing the 
ground ; from whence all his food is uftimately 
obtained. The circumstances, however, which 
accompany this change in vegetables, differ very 
much from those which attend the corresponding 
change in animals ; and may be well illustrated 
by a reference to the process of making any 
common wine. 

q3 



230 AJPAVTATIQ^ or VeCcBTABUBft 

If a sii^cient qmmtiJty of the jmee of ripe 
grapes, oir of 9^y other sacchaiiae fluid, be ex- 
posed to a mod^erat^y ^vrarm t^uperatore, an in- 
temal movement of its partides soon begins i^ 
take place ; whicb is tecJbairally called fermen- 
tation: aud during the period when this is going 
on, the sugar of the liquor is, in part, converted 
into wine. If tlpie fermentation be now arrested 
by the proper means, the whole mass of the li- 
quid may be preserved in nearly the same state 
for a longer or shorter period, in pr<^iti<m to 
the quantity of wine contained in it : but if, after 
the vinous fermentation, as it is called, has been 
completed, the temperature he to a certain de* 
gree increased, the wine is converted into vi- 
negar by a continuance of the process of fi^- 
mieQt^,tion: and, ultimately, the acid iasite and 
odour of the vinegar are lost; and the whole 
mass of the liquor becomes Qrst vapid, and then 
putrid. 

Tha|; such a process as pnti^action sh<Rild 
take pl^ce in organised bodies after their death, 
might in reasoning be antecedently ^^pected; for 
the pnrppse of administering to the growth of 
their successive generations in the case of vegeta- 
bles^; and to prevent the indefinite accumulatioii 

^ ** Haud igitur penitus pereunt qusecunque videntur : 
«* Quando alid e3c alio reficit Natura, nee ullam 
** Bern gigni patitur^ nisi morte adjutam aliena." 

LucBBT. I. 26an^. 
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of SO much dead ami vmdem matl^ in die case 
of animals : but we could not have anticipaited, 
tbat, while animal matt^ at once passes into a 
state of putrefaction, vegetable matter should 
previously pass through two intermediate states ; 
accompanied with products which in their na? 
ture differ bodi from each odier, and from the 
source from which they were derived: both, 
however, as we might v»y reasonably expect 
from the known wisdom and benefic^ice of the 
Creator, of the highest importance to mankind. 
From wine, to say nothing of the advantages 
resulting from its proper use in its common 
state, is derived that useful fluid called alcohol^ 
or spirit of wine : among the most valuable pro- 
perties of which, may be ranked its power of 
dissdiving resin, and other vegetaUe princi^^es ; 
and of preserving organised matter from the 
putreftwjtive process. In consequence of the for^ 
mer power, it is employed to extract from, va- 
rious vegetables some of those parts in which 
th^r medicinal virtues reside ; and to preserve 
them in a convenient form for immediate use, 
at any moment, under the technical name ai 
tinctures. And with respect to its importance 
as a preservative of animal and vegetable mat- 
ter, but particularly of the former, I need only 
point out any one of those collections of anato- 
mical preparations contained in the museums 
of every medical school in Europe. But if any 

q4 
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single instance of its application to this purpoee 
be demanded, who can hesitate to name Uiat 
astonishing proof of the genius and industry of 
die great English physiologist, John Hunter, 
the founder of the Collection preserved in the 
Royal College of Surgeons ? on the pedestal of 
whose bust, placed within the walk of the mu* 
seum ol that college, might well be inscribed, 
as I believe has been often suggested, those 
appropriate words, 

" Cujus monumentum si qussras^ circunispice.'' 

SECT. V. 

Vegetables as applicable to the Arts^ S^c, 

In considering the application of natural sub- 
stances to the various purposes of life, it is often 
interesting to compare the simplicity of the 
original contrivance with the complicated ma- 
nipulations of the process by which, at the 
present day, a n^terial, destined for a specific 
use, is brought into a fit state for that use. Let 
fine writing-paper be taken as an instance ; and 
let us compare the history of a piece of such 
paper with that of the simple material on which 
many Oriental manuscripts are written — ^themere 
leaf of a tree, probably some species of palm, — r 
which after having been cut into the requisite 
«ize and form, seems to have undergone no other 
preparation than simple pressure; partly with 
the view of forcing out its natural moisture, ai)4 
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partly of smoothing its surface. How different the 
history of the paper that is daily fabricated in 
any of the large manufactories of this country ; 
smd how little would ita origin and numerous 
changes of state be conjectured from its present 
appearance ! Heaps of linen rags of every co- 
Icmr, when indeed that colour can be distin- 
guished through the dirt which adheres to them, 
are brought from almost every quarter of Eu- 
rope; each rag having probably been part of 
some article of dress, which, as it grew viler by 
use, passed from a more to a less respectable 
possessor ; till it at length became the tattered 
and threadbare covering of the poorest men- 
dicant. 

From such a material is the finest paper 
made : and, in the conmiencement of the pro- 
cess, each individual rag undergoes an examina- 
tion with respect to its size, and is cut into two 
or more pieces according to that size. Separate 
heaps are then mechanically shaken together, 
and sifted, in order to clear them from adhering 
dust: they are subsequently washed, mechani- 
cally divided into small shreds, bleached, then 
thrown into vats of water, and there reduced to 
a fine pulp by the application of powerful ma- 
chinery. This pulp, by very delicate yet simple 
means, is kept in a state of close and equable 
difiusion over an even surface, and is made to 
pass between successive pairs of smooth metallic 
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cylindera; all of which, by preasang oat the 
moktoffe et the pulp, bring its particles siare 
closely together, and thus tend to give it the^ 
lequkite degree <rf firmaees aud cohesion; the 
last pair being heated sufficiently to dry the 
paper during its passage between th^. 

Such are the numerous and elaborate prcH 
cesses, by which a heap of sordid rags is con* 
yerted into the beautifiil matenal of which we 
have been speaking. And if, to the accunra- 
lated processes to which each rag is sulmiitted 
during its fabrication into paper, be added ks 
previous history, as the cultivatioa and subse- 
quent dressing of the flax of which it was made, 
the formation of the fibre of the flax into thread, 
the weaving of the thread into linen, and, in the 
majority of instances, the dyeing of the linen ; 
if all these points be cgllectively considered, 
what food for a reflecting mind does not the 
minutest particle of the resulting paper af- 
ford! 

Many plants are capable of yielding a colour* 
ing matter, which by chemical means may be 
readily made to combine with various sub- 
stances, as linen, woollen, silk, and leather. 'Hiis 
property, which som^imes resides in the stem 
and branches, sometimes in the leaves and 
flowers, may be classed among those properties 
of plants, which, if we consider the actual state 
of society in all the civilised parts of the world. 
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aie produetiye ^f the greatest adyaE<»^ to 
mankind. Hence, &^ instance, Ims arisen an 
art, the art of dyeing, which not only opens a 
wide field of employm^it to a numerous class 
of workmen, in every large city ; but gives a 
de^ee of activity to general commerce, whi^ 
cannot but surprise the nund of any <me pre^ 
viously ignorant of the circumstance. Thus ihe 
quantity of indigo, accumulated in the exten- 
sive repositories of the East-India comp^aay, is 
frequently so great as to make the occasimial 
observer wonder that it shouid ever find a mar- 
ket : and the following statement will ^ew how 
important this single substance is as an article 
of commerce. During the last five years, tha 
quantity of indigo imported into London amounts 
to at least one hundred and twenty thousjSUMl 
chests ; the average weight of the contents of 
each chest equalling 270lbs, and the average 
price of each pound being five shillings. The 
estimated value therefore of the indigo con* 
tained in the 120,000 chests would be rather more 
thsxi eight millions sterling. 

If I am correct in supposing that blue^ red^ 
and yeUow^ are the cdburs most abundantly 
»ipplied by vegetables, it cannot fail to strike 
a i)iind of the least reflexion, that these am 
precisely the elementary colours which a dyer 
would have antecedently selected, in order to be 
enabled to practise his art to the greatest ad- 
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vantage; since from these three, all other co^ 
lonrs or tints may be obtained. And with re-» 
Kpect to black, which must practically be con* 
sidered as a distinct colour, though not ad^ 
mitted as such theoretically, it is worthy of ob? 
servation, that, although scarcely any vegetable 
substance yields it directly; yet, by the inter- 
vention of almost any form of iron, and this 
metal is in some shape or other present every- 
where, it may readily be produced from a very 
numerous class of vegetable substances. In al- 
most every instance where a vegetable sub- 
stance has an austere and bitter taste, it will 
with iron give a dye of a black colour. Thus 
the bark of the oak, and of many other trees, 
and that vegetable excrescence called the gaJl* 
nuty produce an ink by the addition of any 
saline form of iron. 

From the earliest and least civilised times, 
and through every intermediate stage of society 
to the present period of refinement, the produc- 
tions of the vegetable world have been in con- 
stant request for the most common purposes of 
life. The simplest dwellings not only of the 
uninstructed savage, but of the peasantry of 
many parts of modem Europe, are constructed 
almost entirely of wood ; the simplest imple- 
ments of husbandry, the plough, the spade, and 
the hoe, could hardly be employed without the 
aid of a wooden frame-work or handle : and the 
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same observation holds good with reference to 
the tools of the most necessary arts oC life. How 
great would be the inconvenience, and how in* 
creased would be the labour of the carpenter, 
or the smith, or the mason, if, instead of wood, 
the handles of his implements were of iron ! Nor 
are substances of vegetable origin of less im-^ 
portance, or less generally employed, in many 
of the higher arts of life. Examine the struo* 
ture of a man of war — its hulk, of oak ; its mastSi 
of fir ; its sails and ropes, of flax ; its caulking^ 
of tow and of tar. All is of vegetable origin from 
the top-mast head to the keel itself. With the 
exception indeed of the iron which is occa- 
sionally used in the construction, no metallic 
substance is necessarily employed ; for the cop- 
per sheathing, though highly useful, is certainly 
not necessary. 

It would require volumes to describe all the 
economical uses to which vegetables are ap- 
plied. How many important trades arise from 
this source. How many families, now existing 
in opulence, originally derived their surnames 
from their occupation, and that occupation con- 
nected with vegetable materials; for instance. 
Cooper, Carpenter, Dyer, Tanner, Turner, 
Wheeler, Weaver, Barker, Hayward, Gardener, 
Cartwright, Miller, Fletcher, Bowyer ! 

And then, to answer the various purposes to 
which they are to be applied, how widely do 
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die qndkieB of difii^mit v^etable {mkhictieM 
diflbr firom each otker! How well tke rigid 
fibre and compftet textore of the oak enal^ 
Ihe balky vessel to resist the buflbtiiig of the 
waves! The ash, the beech, the fir, the yew, 
aaeh has those appropriate qusdities which Make 
it indfvidiiaUy prdTarable to the rest* Tbefle3dH 
bility of the hemp and flax renders them capable 
of being woven and formed into sails and cord^ 
^e ; and, exposed as the sails and rigging are 
to the vicissitudes of the weather, how well are 
they protected by being covered over with tar, 
Itself of vegetable origin ! 

Some woods very readily split with that r^a- 
larity of mirface which we observe in common 
laths ; and of the utility oi that kind of material 
in almost every kind of building no one can well 
be ignorant. Other woods, as the willow, very 
readily bend, with a considerable degree of elas- 
ticity, in every direction ; and hence are of value 
in the &ibrication of what is known tinder the 
general name of wicker-work^. 

f The Bitt of ibaking wicker-work is often successfully coiti- 
vated at a very early period of civilization. Thus^ in the neigh- 
bourhood of California^ some of Captain Beechey's officers were 
supplied with ^' water brought to them in baskets^ which the 
'^ Indiahs weave so clo^, that^ when wet^ tibey become exo^ent 
'^ substitutes for bowls." (Beechey's Voyage^ p. 385.) Atkdw6 
know that^ not long after the conquest of Britain by Csesar^ the 
ornamental wicker-work of the natives was highly prized at 
Rome. 
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111 this depoartment, again, though bM to the 
saaiie extent as in the case of some of the metals, 
is seen the effect of human labour in advancmg 
the value of the original material. Compare, for 
ia^stance, the mercantile yalue of a piece of fine 
lace with the original value of the material of 
which it is made. 

There are many plants, which, though they 
neither produce fruit of any value nor are ca- 
pable of being applied to any of the cc^mtmoiif 
pisrposes of the arts, are yet of the Mgh^t value 
as a natural defence to cultivated lands againi^ 
the kicu3fsions ot cattle; and sometimes even 
agamst the attacks of discipline troops. 

The quickset of our cinnmon hedges is an in- 
stelnce of the former application ; and of its uti- 
lity in this country no one can doubt, unless he 
happen to live exclusively in thcHie disrfricte, as 
in certain parts of the CotswoM and similar 
Twa^^ of hills, where ^one supplies a more 
ipeady nmterial for a fence. Of the eiteat of 
its application, it would not be easy to mc^e 
a correct estimate : but, when we consider how 
immy public roads, and how mgmy private endo- 
sures are bounded by a fence of quick«et, it be* 
comes probable that the linear extent of hedges 
of this kind is, in Englaind alone, equal to many 
times the circumference of the whole earth. In 
describing one of the most important fortresses 
in the Deccan, captain Seely, in his account of 
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the temples of EUora, states that die tdwn^ 
which stands about 1020 yards from the fortj 
is surrounded by a hedge of prickly pear, neariy 
e^hteen feet high, and thick in proportion. 
This natural defence around towns and villages 
on the western side of India is very common ; 
and it oflfers to a predatory body of horse or foot 
a formidable barrier: for the sharp and long 
thorns, which project from the stem and leaf, 
not only act as an inmiediate defence; but, if 
broken off, they exude a liquid which often jmto- 
duces severe inflammation^. 

In a part of Normandy, lying between Caen 
and Falaise, is a district called "Le Socage" 
(petit bois\ which " derives its name from the 
<* high and bushy hedges with which it abounds ; 
" and which are designed to afford shelter from 
" the stormy winds of the Atlantic. There are 
" but few trees in those parts ; but the hedges, 
" being from eight to ten feet in height, are suf- 
" ficient to protect the crops from the boisterous 
** sea-breezes : and they thence bear the name 
" of brise-vent'^.'' 

The last point in the history of vegetables 
which I propose to consider is their application 
as fuel ; and many nations entirely derive their 
supply of fuel, for culinary and other domestic 
purposes, from the vegetable kingdom al<Hie: 

h P. 522. 

i Conversations on Vegetable Physiology^ vol. ii. p. 232. 
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wmd even where (iach a 8bpt>ly is in a great 
mettwre Dcedlemi on account of the abundance 
«f cod, yeti fw many ]^ttr|>ose8^ various Ibnits of 
wood, either in a recent Or in it ch«urred i^tate, 
are pr^rred, on account of the injurious effects 
arising from the sulphur witibi which coal 10 
itf»is^y ccmlaminated ; in the heating of bakers' 
OT^is, fer instance, in tl^ drying of malt, and 
in numerous processes of the arts« Around th^ 
flhcnres of the Arctic Ocean, where searcdy any 
teaeea of natiye vegetation are observable, the 
inhabitants are amply supplied by drift-wood 
(Sailer's account of Billings's Expedition, p. 
104 — 2&9). And captain Beechey says, that drift* 
wood is to the Esquimaux what forests are to 
us ; being in such abundance and variety, that 
ik^ inhabitants have the choice of several sorts 
of trees. All this drift-wood about the tnouths 
of rivers, on the north coast of America, appears 
to be faroug^ down by tliose rivers from the in- 
terior of America : but from the occurrence of 
Bttaay floating trees to the southward of Kam-^ 
chatka, and from other circumstances, it is pro- 
bable that much of the drift^wood^ found at a 
distance from the mouths of rivers, comes very 
far from the southward (p. 575-— 580). 

Nor does the benefit, arising from vegetable 
forms of fuel, terminate with their consumption. 
The residuary ashes are useful, as a manure for 
the land, on account of the alkaline matter which 

R 
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they contain: and that alkaline matter is also 
to many a poor peasant a substitute for soap; 
the lixivium, or ley, which may be obtained by 
filtering water through the ashes, owing its de- 
tei^ent quality to the alkali which it has dis- 
solved m its passage. In those parts of the 
world indeed, as in North America, for instance, 
where it is requisite to clear the land of wood, 
for the purpose of bringing it into cultivation, 
the ashes of the forests, which are necessarily 
burned for this purpose, afford an enormous 
quantity of alkaline residuum ; and this is the 
source of much of that alkali of commerce, 
which, from having been obtained by evapora- 
tion of its solution in iron pans or pots, is com- 
monly known under the name of potash. 

That other alkali of commerce, called soda, is 
derived from a similar, though indeed a much 
more humble source; for, in this case, the al- 
kali does not result from the c<mibustion of 
stately and aboriginal forests, but from the com- 
bustion of heaps of sea-weed ; which, in various 
parts of the coast of Europe, has been collected 
from the surfaces of the adjoining rocks ^. 

^ In some instances loose stones are intentionally placed on 
the sea-beacli for the purpose of affording a substratum for the 
growth of various sea-plants^ which attach themselves to the 
stones so placed. 
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CHAP. IX. 

Adaptation of Animals to the Physical Condition 

of Man. 

SECT. I. 
General ObservaHons on the Animal Kingdom. 

THE same remark may be made with regard 
to the general utility of animals, which has been 
made in the case of vegetables: for we have* 
sufficient reason for believing, that, among the 
myriads of species of animals which exist upon 
the face of the earth, there is not one which 
does not act an important part in the economy 
of nature ^ And yet, if it be correctly stated 
that out of about a hundred thousand species of 
animals, the number supposed to have been 
hitherto discovered, eighty thousand are of the 
class of insects"*; it will be evident that the 
mass of mankind is ignorant of the very exist- 
ence of nearly four fifths of the whole animal 
kingdom : for, with the exception of the fly, the 

* It is the opinion of Mr. Scoresby, (Account of the Arctic 
R^ons^ vol. i. p. 17d> 180.) that the olive-green colour of the 
water, observable in many parts of the Greenland sea, is owing 
to the presence of numberless quantities of very small medusse 
and other minute animals. ^^ These small animals," he says, 
apparently afford nourishment to the sepiee, actiniae, and other, 
mollusca which constitute the food of the whale : thus pro- 
ducing a dependent chain of animal life, one particular link 
of which being destroyed, the whole must necessarily perish. 
"^ The number is probably greater. 

r2 
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bee, the wasp, the ant, and perhaps ten ot 
twelve more species, few but professed natu- 
ralists are acquainted with the specific differ- 
ences of this class of animals : so small are they 
in size, and so appa^nfly insigoiBcant .o I 
common observer. But, if we have reason (or 
believing that not a single animal species exists 
without its use in the general economy of na- 
ture, we have a certainty that there are many, 
the absence of which would be almost inccwr 
patible with the ccmtinuance of the existence <^ 
the human race. If, for instance, the duties of 
the shepherd and herdsman could no longer be 
exercised, in consequence of the extincticm of 
the two species of which they have now respecfr 
ively the care, into what misery would not tbe 
population of a great part of the world be 
plunged, cut off at once from some of the mo^t 
substantial forms of animal food, and the most 
g^ieral and effectual sources of clothing ! 

And, if we c<msider the subject in anoth^ 
point of view, how fitly are the natures of these 
species, from the individuals of which such im- 
mense advantage accrues to man, accommodated 
to that end ! If, for instance, the sheep and the 
ox were carnivorous, instead of herbivorous, how 
could the species be preserved: or, supposing 
for a moment that a sufficient quantity of ani- 
mal food could be procured for them, under 
that supposition how could it be conveniently 
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^Btiibnted to the flocks and herds scattered 
o^er a thousand hills ; which now, witibout any 
consequent trouble to the shepherd m the berds^ 
man, leisordj ctop the grass, as they slowly 
traverse the surface from their morning to their 
evening rtinge of pasture. 

Let us suppose, again, that the horse were to 
becmne extinct. In that event how greatly 
would be in a moment alt^ed the conditicm of 
the whole civilized world! for by what other 
m^ms could there be kept up that general com- 
munication, betwecflQ distant parts of the same 
empire^ ihe^ rapidity and facility of which contri* 
bote at the same time to national prosperity, 
and to individual wealth and com£drt; since 
that r^^ent invention, the steam carriage, though 
e&pable of supplying the place of horses along 
the courts et regular roads^ would be inappli- 
cable in most other situations ? €k>nsidar, again, 
the po«tk» ci contending amries. wboeT^ 
ctfken » determined by the evohitions of united 
squadrons of this noblest of all the inferior ani- 
mals ; and sometimes even by the speed of the 
individual charger whose rider conveys the com- 
mand which is to determine those evolutions : 
or, to descend into the less important though 
not less interesting scenes of domestic liie^ let 
us imagine, what we may perhaps have wit- 
nessed, the ecstasy of an afflicted parent, who 
haa bec» ^tabled by the speed of this all but 

r3 
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friend of man to reach the couch, and to re^ 
ceive the dying embraces of a beloved child ; 
or to obtain those means of human aid, which 
haply may have averted the stroke of impend- 
ing death. 

But in this, as in many similar instances, we 
can at once perceive (what we may always in 
reasoning- presume) that an alteration in the 
constitution of any department of nature would 
be incompatible with that harmony of the whote, 
the existence of which is evident to all those 
who are capable of observing and interrogating 
philosophically the phencmiena of creation. And 
if it should be said that some species of animate 
have actually become extinct, and others are 
gradually becoming more and more rare; yet, 
in such instances, we shall find the fact to be 
either the result of a providential adjustment, if 
the expression may be permitted ; or, of th^ ori- 
ginal rarity of the species themselves, as in the 
case of that uncouth bird the dodo»; or, as might 

" It is not without reason that the epithet uncouth has been 
applied to the dodo ; for two distinguished naturalists^ in their 
day, maintained for many years that such a form had never ex- 
isted, but in the imagination of the painter. One of these in- 
dividuals however at length had an oj^rtunity of inspecting 
the well-known specimen of the head of the dodo, which is pre- 
served in the Ashmolean Museum at Oxford; and was then con^ 
vinced that such a bird had existed. But so far was he from 
producing the same conviction in the mind of his friend, by the 
description of the specimen, that he incurred the charge of an 
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possibly happen, with respect to that still more 
remarkable animal of New Holland, the omi- 
thorhynchus paradoxus : in each of which in- 
stances the locality of the species appears to 
have been always extremely limited. 

On the other hand there are species of ani- 
mals, which, though so minute, and so far re- 
mored from common observation, %s to be 
scarcely known to mankind at large, much less 
employed for any useful purpose, would yet be 
productive of great inconvenience were they 
permitted to increase indefinitely: and hence, 
although they may perhaps previously accom- 
plish some important end in the scheme of na- 
ture, they are destined to be the food of other 
animals, which, being much larger than them- 
selves, necessarily consume them in great quan- 
tity. There is hardly a bird, or a reptile, or a 
fish, the contents of whose stomach would not 
bear witness to the truth of the assertion just 
made: and even among quadrupeds there are 
many species, as the mole, the hedgehog, the 
manis, and the ant-eater, which, from the na- 
ture of their food, are grouped into a distinct 
family, called insectivorous. 

intentional deception ; and the result was^ that an interminable 
feud arose between them : for though they were attached to the 
same institution^ and lived within its walls^ (not indeed without 
other companions^ or absolutely under the same roof^ as their 
prototypes in the Eddystone light-house,) they never again 
spoke to each oth^. 

R 4 
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SECT. II. 
Geographical Distribution ^Animals. 

AnoNO the strcNQgcst eTi<)ei^C6s of an inlmi- 
tional adaptation of the external world to tha 
physical condition of man, may be classed the 
geogmphical distribution of animals, taken in 
ccBmexio» with certain points in their general 
history. Thus the el^bimt, which lives en^ 
dtisiyely on vegetable food, is found naturallji 
in those climates osily, where vegetation is sq 
luxuriantly abundant as easily to meet the laiqs^ 
supply, which numerous individuals of sucli 
enormous bulk require: cgnd then the tracta- 
bility 9»d docility of the animaji are fl^ch, that 
it(^ aips^ing strength may be easily directed to 
forward the purposes of man ; and often is aa 
directed, in the conduct of B^Ut$u*y opt^rations, 
4M» well m on v¥^ous ordiu^uy ocea^onis : an4 
lastly, the iiicre$use of the species advances 
slowly ; |br, in by far the greater number oi ix^ 
stances, only one individual is produced ^t $i 
birth. Now hftd the elephaut been equiaUy 
adapted to colder climates, where vegetation is 
comparatively scant, the di^ulty of supporlAng 
the individual animals in such climates would 
have diminished the value of the ^[lecies : or^ 
were elephants as intractable and indocile, as 
they are the reverse, what destruction would 
they not be continually dealing around them; 
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vitACM the Bc^ne wlikh tock. place a few years 
^jtBce m a publk menagerie of London ; where 
a company of musketeers was introduced, in or-' 
der to subdue a single individual of this species, 
which had become infuriated from accidental 
eireumstances I Or, lastly, had the elephant 
beeA as prdiiic as the swine, (and it should be 
observed that they arq branches of the same 
natural order,) how could the increased nuni-^ 
bers of individuals have been maintained, in the 
case of a species which is not naturally capable 
0^ emigfating to a dififer^it climate ? 

SECT. IIL 
Tfie Ca^meL 

Of all animals, the camel periiap&f is mos4 
e:saQtly adapted both to those peculiar regiong^ 
of tl^ earth in> which it is principally, if not 
0j:eiusiTely, fpund; and to those purposes for 
wtoeh it is usually employed by m9M : to wboa^ 
W'imts indeed it is so completely accommodated* 
and appltrently so incapable of existing without 
]lis $u{>erintendence, that while on the one hand 
w^ find the can^l described in the earliest rch 
^wdsi of history, and in every subsequent pe- 
fk>d> a$ in a state of s«ibjugation to man, and 
em|4oyed for precisdy the stone purposes as at 
the present day ; on the other hand, it does no4 
appear that the specias^ h^ eyer ejdsted in a 
^rild or independent state. 
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With scarcely any natural means c^ defence^ 
and nearly useless in the scheme of creation, 
(as far as we can judge,) unless as the slave <rf 
man, it forms a remarkable parallel to the 
sheep, the ox, and other of the ruminating spe- 
cies ; which are also rarely, if ever, found, but 
under the protection of man, and to that protec- 
ticm alone are indebted, indeed, for their exist- 
ence as a distinct ^species. Let us compare then 
the form, and structure, and moral qualities of 
the camel, with the local character of the re- 
gions in which it is principally found ; and with 
the nature of the services exacted of it by man. 

The sandy deserts of Arabia are the classical 
country of the camel ; but it is also extensively 
employed in various other parts of Asia, and in 
the north of Africa: and the constant commu- 
nication that exists between the tribes which 
border on the intervening sea of sand, could 
only be maintained by an animal possessing 
such qualities as characterize the camel — ^^ the 
" ship of the desert," as it has emphatically 
been called. Laden with the various kinds of 
merchandise which are the object of commerce 
in that region of the world, and of which a part 
often passes from the most easterly countries of 
Asia to the extreme limits of western Europe, 
and from thence even across the Atlantic to 
America, this extraordinary animal pursues its 
steady course over burning sands during many 
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successii^ weeks. And not only is it satisfied 
with the scanty herbage which it gathers by 
the way; but often passes many days without 
meeting with a single spring of water in which 
to slake its thirst. 

In explanation of its fitness as a beast of bur- 
den, for such desert tracts of sand, its feet and 
its stomach are the points in its structure which 
are principally calculated to arrest our atten- 
tion : and its feet are not less remarkably ac- 
commodated to the road over which it travels, 
than is the structure of its stomach to the 
drought of the region through which that road 
passes. The foot of the camel, in fact, is so 
formed that the animal would be incapable of 
travelling, with any ease or steadiness, over 
either a rough or a stony surface ; and equally 
incapable is it of travelling for any long con- 
tinuance over moist ground, in consequence of 
the inflammation produced in its limbs from 
the effect of moisture. It is observed, by Cu- 
vier, that these circumstances in its physical 
history, and not the incapability of bearing a 
colder temperature, account for the fact, that, 
while the sheep, the ox, the dog, the horse, and 
some other species, have accompanied the mi- 
grations of man, from his aboriginal seat in cen- 
tral Asia to every habitable part of the globe, 
the camel still adheres to the desert. 

And now observe how its interior structure 
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meets the difficulty of a region, where water is 
rarely found. As in the caBe of all other ani^ 
mals which ruminate or chew the cud, the sto- 
mach of the camel consists of several compart 
ments ; of which one is divided into numerous 
distinct cells, capable of collective cositaming 
such a quantity of water, as is sufficient for 
the ordinary consumption of the animal during 
many days. And, as opportunities occur, th^ 
cjamel instinctively replenishes this reservoir; 
and is thus enabled to sustain a degree of ^* 
temal drought, which would be destructive to 
all other animals but such as have a similar 
structure : nor is any other animal of the oM 
world known to possess this peculiar structure. 
But if we pass to the inhabited regi(»is of the 
Andes in the new world, we there meet with 
several species of animals, as the lama» the 
vigogna, and the alpaca, which, thon^ srach 
smaller than the cam^, correspoiid generally 
in their anatomy with that animal, and pcurtieu- 
larly with reference to the structure of the sto- 
mach: they resemble also the camel in docility; 
and, to complete the parallel, they were eai' 
ployed by the aboriginal inhabitants m the new 
world for the same purposes as the camel itt 
the old. 

Of the two species of camel, the Bactrian wd 
Arabian, the latter is that with the hist^ay of 
which we are best acquahifed; aofid th<M^h 
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tkmte 18 reafion to belioTe, that, whatever is said 
of the qualities of the (me might with truth be 
i^rmed of the other also, on the present occa- 
siim whatever is said is referable to the Arabian 
species ^. The camel, then, not only consumes 
less food than the horse, but can sustain more 
fatigue. A large camel is capable of carrying 
firom seven to twelve hundred weight, and tra- 
velling with that weight on its back, at the rate 
of above ten leagues in each day. The small 
courier camel, carrying no weight, will travel 
thirty leagues in each day, provided the ground 
be dry and level. Individuals of each variety 
will subsist for eight or ten successive days on 
dry thorny plants ; but after this period require 
more nutritious food, which is usually supplied 
in the form of dates and various artificial pre- 
parations : though, if not Bo supplied, the camel 
will patiently continue its course, till nearly 
the whole of the fat, of which the boss on its 

^ THe Bactrian species^ which has two bosses on its back^ is 
moite pecufiar to -Tartary and northern Asia. The Arsibaan, 
which has only one boss^ is not confined to the country from 
which it is named^ but is the same species with that which pre. 
vails in northern Africa. As in the case of all domesticated 
animals the varieties of these two species are numerous : and it 
k a variety of the Arabian species^ of a small he%}it> to which 
the ancients gave the name of dromedary, from its employment 
" as a courier: but in the magnificent work of St. Hilaire and 
Cuvier, (Hist. Nat. des Mammif^res,) the term dromedary is 
'adopted^ in a specific sense^ for all the varieties of the Arabian 
cwnel. 
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back consists, is absorbed ; whereby tliat i»t>- 
tuberance becomes, as it were, obliterated. 

The camel is equally patient of thirst as of 
hunger : and this happens, no doubt, in conse- 
quence of the supply of fluid which it is capable 
of obtaining from the peculiar reservoir con- 
tained in its stomach. It possesses moreover a 
power and delicacy in the setise of smell, (to that 
sense at least such a power is most naturally 
referable,) by which, after having thirsted for 
seven or eight days, it perceives the existence 
of water at a very considerable distance : and it 
manifests this power by running directly to the 
point where the water exists. It is obvious that 
this faculty is exerted as much to the b^iefit of 
their drivers, and the whole suite of the caravan, 
as of the camels themselves. 

Such are some of the leading advantages de- 
rived to man from the physical structure and 
powers of this animal : nor are those advantages 
of slight moment which are derived from its 
docile and patient disposition. It is no slight 
advantage, for instance, considering the great 
height of the animal, which usually exceeds six 
or seven feet, that the camel is easily taught to 
bend down its body on its limbs, in order to be 
laden : and, indeed, if the weight to be placed 
on its back be previously so distributed, as to 
be balanced on an intervening yoke of a con- 
venient form, it will spontaneously direct its 
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• * 

neek under the yoke, and aftOTwaMs transfer 
the weight to its back. St. Hilaire and Cuvier, 
from whom the substance of much of the pre- 
ceding account is taken, assert, that, if after 
haying laid down and received the intended 
freight, the camel should find it inconveniently 
heavy, it will not rise till a part has been taken 
off; and that, when fatigued by long travel, it 
will proceed more readily and easily if the 
driver sing some familiar tune. This however 
is a quality not peculiar to the camel. 

Considered only thus far in its history, the 
camel easily stands preeminent, as the most 
useful, among all the species of ruminating ani- 
mals, in the bodily or mechanical services which 
it renders to man : it is almost indeed the rival 
of the horse, even when compared in a general 
point of view ; but more than its rival in its par- 
ticular arena, the desert. The reindeer assists 
the individual wants of the Laplander by con- 
veying his sledge over the frozen surface of the 
snow : and the ox, on a more enlarged scale of 
labour, is employed in some countries in plough- 
ing, or in the draught of heavy weights : but 
the camel was from time immemorial, up to a 
comparatively recent period, almost the sole 
intermedium of the principal part of the com- 
merce of the whole world. Thus the spices and 
other rich merchandise of the East, being brought 
to the confines of Arabia, were conveyed on the 
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backs of camelB across the desert, and thtfMe 
finding their way to the trading cities of Phe- 
nicia, while they yet flourished — and subse- 
quently, after their destruction or decayi to 
Alexandria — they were distributed over the c(m- 
tinent of Europe ; enriching whole nations by 
the profits of the mere transfer : for thus Venice 
became not only the mistress of the Adriatic 
and Mediterranean, btit in a measure the afbi- 
tress of the whole world — 

*^ And such she was ; -^h^r daughters liad th6ii* dowefs 
*^ From spoiU of Dadons, a^d the exhausUeas East 
^^ PourM in her lap all geins in sparkling showers. 
"In purple was she robed, and of her feast 
** Monarchs partook, and deemM their dignity increasedP.^ 

And when, in consequence of the discovery 
of the Cape of Good Hope, Alexandria ceased 
to be the main emporium of India and Europe, 
Venice declined in its riches and power; and 
the Portuguese, the Dutch, and lastly the Eng- 
lish, acquired the political influence which Ve- 
nice had lost : so true is the observation of sir 
William Temple, that whatever nation is in pos- 
session of the commerce of India must neces- 
sarily have a preponderating influence in the 
affairs of the whole world % 

But, although the route by the Cape has in a 

P Childe Harold, Canto IV. Stanza 2. 
q F<jr an account of the traffick between India and Europe, 
set Niebuhr, Deecript. de rArab>6« p. 246', Sic. 
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great measure superseded that by ATexandria, 
the commercial intercourse carried on by means 
of tlte camel between opposite confines of the 
African and Asiatic deserts is still sufficiently 
extensive to make the importance of that ani- 
mal very considerable: so that even now, as 
ages and ages since, the riches of an individual 
are estimated by the number of camels he may 
possess: and he still uses his camels either in 
war, or for the transport of merchandize, or for 
the purpose of selling them ^. 

But it would be found, upon pursuing the 
history of the camel, that, while under the point 
of view which has been just considered, this 
animal contributes more largely to the advan- 
tages of mankind than any other species of the 
ruminating order, it scarcely is inferior to any 
one of those species with respect to other advan- 
tages on account of which they are principally 

r It cannot be considered an irrelevant, and certainly not in 
itself an uninteresting digression, here to observe, that there 
was a period in the commercial history of England, within the 
last century even, when the horse served the purpose in this 
island, which the camel serves in Arabia and other parts of 
the world : and a distinct trade then existed, that of the packer ; 
the occupation of which was to make up bales of goods in a 
form convenient for carriage on the back of the pack-horse ^ 
and the trace of that mode of conveyance is still to be recog. 
nised in the sign of many inns in those parts of England 
where that mode of conveyance was prevalent. The same mode 
of conveyance is still very extensively employed in the north- 
eastern parts of the Russian dominions. 

S 
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valuable. Thus the Arab obtains from the 
camel not only milk and cheese and butt^, 
but he ordinarily also eats its flesh, and fabri- 
cates its hair into clothing of various kinds. 
The very refuse indeed of the digested food of 
the animal is the principal fuel of the desart; 
and from the smoke of this fiiel is obtained the 
well-known substance called sal ammoniac^ which 
is very extensively employed in the arts; and 
of which indeed, formerly, the greater part met 
with in commerce was obtained from this source 
alone, as may be implied from its very name'. 

SECT. IV. 
Domestication of Animala. 

Nature has implanted a disposition in almost 
all animals to be domesticated by man; and 
also a capability of becoming adapted to the 
various climates into which they accompany 
him ; and this disposition and adaptation neces- 
sarily extend the utility of these animals. Tha« 
is, moreover, a consequent effect of domestica- 
tion which is obvious to the commonest ob- 
server; and which extends still further the 
benefits arising from the practice. In a state 
of nature, almost all the individuals of the same 
species of animals have, at any given period of 

* Ammon or Hammon, which is the name of that part of the 
African desert situate to the west of Egypt, supplied formerly 
much oi the sal ammoniac of commerce. 
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their life, so close a resemblance to each other 
in form, size, and colour, that it is difficult to 
distinguish them at a little distance : but when- 
ever any species has been long domesticated, or 
subjugated to the dominion of man, we usually 
find a proportional variety in those points. In 
proof of the foregoing assertion it will be suffi- 
cient to make a comparison between wild and 
tame rabbits ; or between the domestic and wild 
cat; and to refer to the diflFerences observable 
in all those animals which are constantly under 
tlie care of man, as the horse, the dog, and 
the ox. 

The alteration which is produced in such 
cases, and which depends partly on climate 
and food and general regimen, but still more on 
ttke intermixture of the breed, is in many in- 
stances of the highest utility to man. Suppose 
for a moment that, in the case of the horse, any 
one of the existing varieties, the dray-horse for 
instance, or the Shetland pony, were from hence- 
forth to determine the permanent character of 
die species; and observe what would be the 
consequence. What a waste of power, and what 
an inconvenient increase of trouble and ex- 
pense, both with respect to stable-room and 
food, would there be in using the dray-horse, 
where the Shetland pony would be sufficient; 
and, on the other hand, how ill would the Shet- 
land pony supply the place of the dray-horse, 

s2 
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where enonnous weights were to be set in 
motion ! 

Again, in the case of the dog, were all other 
varieties of this most useful animal to be anni- 
hilated, and only cme form to prevail, its value 
would be proportionally lessened. If no variety 
of the dog existed but the »nall spaniel or the 
terrier, the miserable inhabitant of the north 
could no longer travel over his native tracts <rf 
frozen snow: nor could the victim of Alpine 
frost in Switzerland be hereafter rescued from a 
premature death, as he often now is, by the sa- 
gacity and strength of the mastiffs of that region. 
And, in another elepient, how many a life, which 
must have been otherwise lost, has been saved 
from a watery grave by the joint S£^city and 
powerful strength of the Newfoundland dog! 
What would the shepherd do without the assist- 
ance which he now derives from his faithful 
cc»npanion? Instead of that compact phalanx 
which we have often seen advancing over the 
distant downs, under the direction of the sh^- 
herd's dog ; and from time to time, in obedience 
to its intelligent commander, still altering its di- 
rection in advancing, as steadily as a ship in 
sail obeys the helm ; we should see a confrised 
and scattered multitude, which all the shepherd's 
skill and activity could hardly restore to order. 

Nor let me be accused of inhumanity if I here 
instance the assistance which is given to man 
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^)y those yarieties of the dog which are princi- 
pally used in the chitse. Those feelings, which 
would spare the inferior animcds unnecessary 
pain, are ever to be respected in others and 
cherished in ours^vas; as those feelings which 
delight in cruelty axe to be abhorred : but un- 
doubtedly the desire of inflicting pain is not the 
incentive to the pleasures of the chase ; and 
therefore, with reference to himself, the hunter 
is free from the charge of cruelty. With respect 
to the animal which is the object of the chase, 
tile charge of cruelty is reasonably obviated by 
this highly probable consideration, that man 
can hardly inflict on the weaker animals a 
more cruel death than that, to which they are 
obnoxious by the very law of nature : for, ulti- 
mately, they will almost necessarily be hunted 
and destroyed by beasts of prey ; or, if you sup- 
pose them to die either of disease or of old age, 
what misery must they not undergo in enduring 
this latter period of their life ! In fact, unless in 
the case of acute disease, the occurrence of which 
in wild animals there is reason to think is ex- 
tremely rare, they must, through mere helpless- 
ness, perish by hunger. 

An ethical discussion is to be avoided on the 
present occasion ; and I shall only therefore ob- 
serve, that, with respect to the infliction of pain 
on the inferior animals, in the particular case 
now under consideration, the grand question is 

s3 
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the consequent eflfect on our own moral feelings ^ 
If we are conscious that we are inflicting pain, 
we shall do right to abstain from what otherwise 
would be an innocent amusement ; for such abr 
stinence will be a legitimate extension of the 
scriptural precept, " A righteous man regardeth 
" the life of his beast :" and if, by neglecting 
the suggestions of our original feelings, we have 
blunted the edge of the moral sense, doubtless 
we are culpable in a high degree. And this 
probably was the case in the gladiatorial exhi- 
bitions of antiquity ; and is equally the case in 
the disgusting exhibitions of the bull-fight in 
Spain, and the more vulgar and not less dis- 
gusting spectacle of pugilistic engagements, or 
baiting of the bull, in our own country^ But, 
omitting such palpably indefensible sports, it 
doubtless may be affirmed as a general truth, 
that the amusements of hunting or of fishing 
are not accompanied by any consciousness of a 
wanton infliction of pain. And, although the 
occasionally concomitant habits of such sports 
may eventually blunt the benevolent feelings of 
our nature, we have not the least evidence that 



t The same observation is applicable to philosophical experi- 
ments on living animals ; respecting experiments of which na- 
ture Shakspeare justly observes^ 

. . . . " Your highness 
^* Shall from this practice but make hard your heart." 

Ctmbel. Act I. 8c 6. 
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tliere is a necessary tendency in those amuse- 
ments to produce that lamentable effect. There 
then r^nains, in support of the propriety of siich 
amusements, the argument from the healthiness 
of the stimulus which they communicate to the 
mind as well as to the body; thus invigorating 
both: while they act as a present recreation, 
which in some shape or other is required by all. 
But if the pursuit of smaller and weaker animals 
should appear objectionable to any one, there 
still remain, in other countries at least if not in 
this, the wolf, the wild boar, and the tiger : and 
in subduing these, to which no one will probably 
object, the dog lends most effectual assistance 
to man. He is indeed of all animals the most 
undaunted and courageous. Mr. Burchell, who 
during his long residence in southern Africa had 
frequent opportunities of witnessing the charac- 
ter of this faithful guardian of man, has, asserted 
to the author of this treatise, that he has, again 
and again, seen the fiercest and strongest animals 
shrink from the defiance of the dog ; but he never 
saw the dog shrink from the defiance o£ any 
other animal.^ 

^ Linnaeus^ in enumerating the characters of the lion, makes, 
by implication, a somewhat similar observation with respect to 
the d(^. ^^Leo esuriens prsedatur equis et aliis majoribns 
'^ animalibus ; — canibus coerceiur" (Linn. System. Gmelin. 
torn. i. p. 7^.) 



s4 



264 ADAPTATION OF ANIMALS 

SECT. V. 
Animals as a Source afFoq4Jbr Man. 

Although the inhabitants of very warm cli* 
inates live principally and often entirely on vege* 
tables ; in the colder climates animal food usually 
makes a part of the daily sustenance of all who 
are not oppressed by poverty: and nature hag 
not only provided amply fo^ this want, but has 
afforded the easiest means of supplying it. The 
dispositicm of those animals, which afford the 
great bulk of the supply that is required, as the 
sheep, the ox, and the swine, is such, that they 
are not only disposed to live gregariously, but 
are readily brought under obedience, so as to be 
inoffensive either to the person or property of 
man : and their docility in this respect is parti- 
cularly worthy of our attention, becailse, from 
the observations of M. Frederic Cuvier, (M6m. 
du Mus. torn. xiii. p. 419, 420), it appears that 
herbivorous animals are not, as is generally sup- 
posed, naturally more mild and tractable than 
the carnivorous ; in fact they are by nature less 
mild and tractable. 

The flesh of all those species, which have been 
above mentioned, is, generally speaking, accept- 
able to the human palate ; and is in a great 
measure necessary to the support of those who 
are habitually exposed to great exertions and fa- 
tigue : but there are many occasions on which 
such food could not with any convenience be ob- 
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tained, e^en by those to whom the expense is 
not a matter of any consideration. In situations 
for instance which are far removed from any 
town, there are very few, with the exception of 
the possessors of extensive landed property, who 
can be conveniently supplied with animal food 
fixmi their own flocks and herds: and in the 
case of the crews of ships, which are accustomed 
to make long voyages, it would be ntterly impos- 
sible to find room in any vessel for such a num- 
ber of live animals, and still less for the food 
which those animals would require, as would be 
competent to supply the daily consumption of 
all on board. But in all these instances the dif- 
ficulty is obviated by the preservative quality of 
c<»nmon salt : for we know that, by the aid of 
salted provisions, guarded by the regular use of 
vegetable acids, a ship's crew may be maintained 
in gocKi health for an indefinite length of lime. 

And then, with reference to the general ques- 
tion, there are almost all the herbivorous species 
of birds, together with the auxiliary supply of 
their eggs ; and those numerous species both of 
river and of sea fish, which contribute very largely 
to the support of the human race, not solely by 
affording fowl, but by affording a lucrative em- 
ployment to the fisherman. I omit the consi- 
deration of the turtle, the lobster, the prawn, the 
oyster, and a few other species ; because the ag- 
gregate consumption o£ such kind of food is com- 
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paratiyely ss^aM ; and those animals, as 

of food, may be considered rather as luxuries 

than necessaries. 

Of the animals which supply us with food, the 
flesh or muscular fibre is that part which is most 
acceptable to the palate : and it is worthy of con* 
sideration that the flesh of those animals, of whose 
living services we stand hourly in need, as the 
horse and the dog, are so unpalatable that we 
are not tempted to eat them unless in cases of 
dreadful necessity. Many individuals however, 
through poverty, are content, and some by pecu- 
liarity of taste are inclined, to feed on the lungs or 
liver, or other of the viscera of animals. And mo- 
dem researches and experiments have tau^t us 
that even the bones may be rendered digestible, 
either by the effect of long boiling under a high 
degree of artificial pressure, as in the apparatiw 
called Papin's Digester^ or in consequence of 
the removal of their earthy basis by means of 
any convenient acid ; and we have also learnt, 
from similar sources, that common saw-dust, by 
certain chemical processes, may be made nutri- 
tious :, but we may fairly argue, from the pro- 
visional care of nature, that mankind will never 
be generally reduced to such circuitous means 
of obtaining their necessary food. In the mean 
time we may console ourselves with the reflection^ 
that in the event of^any temporary or local diffi* 
culty, we may find a supply of fowl where ante- 
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cedently to the researches above mentioned we 
should never have dreamed of looking for it. 
Vitruvius mentions, in speaking of the construc- 
tion of garden walks, that the fragments of char- 
coal, which were a common substratum of such 
walks, had occasionally afforded a most import- 
ant magazine of fiiel in a protracted siege: 
and in such an emergency the bones of animals 
might continue a supply of food, after the flesh 
had been eaten. 

SECT. VI. 
Manufacture of Sal Ammoniac. 

Even in the present abundance of animal food 
the refuse is not wasted ; and all that is thrown 
aside, as unpalatable or indigestible, is subse- 
quently collected, for the purpose of obtaining 
a material, very extensively employed and of 
considerable value in the arts, known familiarly 
imder the name of sal ammoniac. Perhaps in 
the whole circle of the arts there is scarcely any 
process more interesting, if all the attendant 
circumstances be considered, than the fabrica- 
tion of this substance : and the interest princi- 
pally arises from this peculiarity in the nature 
of the process, that, among the numerous pro- 
ducts which are evolved in its different stages, 
there is scarcely one which is not sufficiently 
useful to prevent the necessity of its being 
thrown away. 
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Any one, -who i8 in the habit of walking much 
in the streets of London, will frequently see 
some half-clothed wretched individual stooping 
4own and holding open an apron, into which 
he throws from time to time pieces of broken 
bone and other ofial, which he has disengaged 
from the interstices of the stones that £mn the 
canine pairement. The uniughtly load thus 
obtained is conveyed to the sal anmioniac ma- 
nufactory ; and when a sufficient mass of bones 
has been accumulated from this and other 
sources, they are thrown into a cauldron of 
water, and are boiled for the purpose of clearing 
them of the grease with which they are en- 
veloped: which grease, subsequently collected 
from the surface of the water on which it floats, 
is employed in the composition of soap. 

The bones thus cleaned are thrown into large 
retorts, surrounded by burning fiiel, and sub- 
mitted to the process called destructive distilla- 
tion ; whereby, in consequence of the applica- 
tion of a sufficient degree of heat, the matter 
of the bone is resolved into its constituent ele- 
ments, from which new compounds are formed. 
Of these, some pass off in the state of vapour 
or gas, while the fixed principles remain in the 
retort. 

Among the more remarkable products which 
pass off are carbonic acid gas, commonly known 
by the name iA fixed air; and various combina'- 
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lions of hy^drogen and carbon^ forming diffeisent 
kinds of inflammable air ; together with water 
folding carbonate of ammonia {salt of hartshorn) 
in solution; and; a peculiar oil- Of these pro- 
ducts, the fixed air and inflammable air are 
disregarded, and suffered to escape. The oil 
i» employed to feed lamps placed in small 
chiambers, the sides of which become incrusted 
with the smoke arising from the combustion: 
which smoke being collected, becomes an ar- 
ticle of sale under the name of lamp black; a 
substance of considerable importance as the 
hujsm of printing ink, &c. 

It would be tedious, and uninteresting to the 
general reader, to describe all the intermediate 
steps of the process : and it is suflScient for the 
present purpose to state that, towards the con* 
elusion of it, two new compounds are formed, 
namely muriate of ammonia and sulphate of 
soda : of which the sulphate of soda is separated 
by the process of crystallization, and is sold to 
the druggists under the common name of Glatt- 
ber's salt; and the muriate of ammonia, {sal am- 
moniaCf) the great object of the whole manu- 
facture, is finally obtained in a separate state 
by the process called stiblimation. 

The form of the bones, submitted to destruc- 
tive distillation in this process, is not altered ; 
and the unvolatized mass, remaining in the re- 
torts, consists of the earthy and saline matter of 
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these bones, blackened by the carbon whi<^ k 
evolyed £pom their animal matter. Exposore te 
an open fire drives off this carbon, and leayes 
the bones stiU unaltered in form, but nearly 
blanched: and these bones, subsequently re- 
duced to powder, and mixed with a suffici^it 
quantity of water to give them the requisite 
degree of consistence, are formed into vessels, 
which are employed in the process of refining 
gold and silver. 

It was stated that, during the destructive dis- 
tillation of bone, the carbonic acid and inflam- 
mable gases are suffered to escape : but of these 
the latter might be employed in supplying light 
to gas burners ; and then, out of the numerous 
products of the complicated {m>ce8s which I 
have been describing, the carbonic acid would 
be the only substance not employed for some 
useful purpose. 

SECT. VIL 
Aninuds as a Source afCUM/ng^ S^cjbr Man. 

The utility of many of those animals which 
supply us with food does not terminate in merely 
that adaptation of them to human wants. From 
the same animals we are supplied with clothing 
also (but this service, indeed, they render to us 
in common with various other animals whieh 
are unfit for focKi) ; and, according to the dif- 
ferent states <^ civilization in which mankind 
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exists, that clothing is more or less artificially 
prepared. Thus while the Afiican or Australian 
savage scarcely protects his body from exposure 
by a partial covering of leaves, or the inner 
bark of trees ; and the Esquimaux envelopes 
his body in the undressed skin of the seal which 
he has recently killed, supplying also the sepa- 
rate cover^pgs of his head and feet and hands 
from the same source; the poorest peasant of 
any civilized part of Europe derives his clothing 
not only from one but many diflferent species 
of animals ; to say nothing of those occasional 
parts of his dress which are obtained from the 
vegetable and mineral kingdom. The ox, the 
dog, the sheep, the beaver or the rabbit, and 
the silk- worm, in almost every instance contri- 
bute their direct contingent to the apparel of the 
humblest individual of Europe, who is not abso- 
lutely a mendicant : and, with reference to the 
dress and ornamental appendages of individuals 
of more elevated rank, to the animals already 
mentioned may be added the deer, the goat, the 
camel, the elephant, the ermine, and numerous 
other animals which supply the various and rich 
furs of commerce; the ostrich, and many other 
birds ; and even the tortoise, the oyster, and the 
puny architect of the more beautiful species of 
coral. 

Nor are the advantages which mankind derive 
from the animal kingdom, with reference to ge- 
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neral commerce and the arts and economical 
purposes of life,, of less importance tiian the 
loregomg. How many different substan<^s, as 
leather, and parchment, and glue; and what 
various instruments, either for common use, or 
ornament or amusement, are manufactured from 
skin and horn, and bone and ivory! With re- 
spect to the last mentioned of which^ubstances 
indeed, it is a highly interesting fact, that the 
world has not been supplied with it solely from 
the two still existing species of elephant, but 
also, and in a very large proportion, from the 
extinct and fossil species. Under the name of 
licorne fossile^ the tusks of the extinct species 
have for ages been an object of commerce in the 
Russian dominions: and M. Pallas describes 
the abundance of these fossil tusks to be such, 
that they are found in every direction through- 
out the greater part of north-eastern Russia. 

If we only consider the amount of the con- 
sumption of wax and honey, of what importance 
is not that little insect the bee : and the same 
observation may be made with reference to the 
silk- worm and the coccineal ! 

Lastly, for it is necessary to bring the present 
subject to a close, what immense advantages 
accrue to commerce and navigation from the 
traffick in even a very few species of fish, as the 
whale, the cod, the herring, and the pilchard ! so 
great indeed are those advantages, that the ques- 
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tion of the right of fishery on a particular coast 
has sometimes been the occasion of involving 
the most powerful nations in expensive wars : 
for these fisheries, at the same time that they 
are a source of immense riches to individuals, 
ccmstitute as it were a nursery for the hardiest 
race of sailors ; and thus become of the highest 
importance in a national point of view. 



CHAP. X. 

Adaptation of the external World to the Exercise 
of the Intellectual Faculties of Man. 

SECT. L 
On the Rise and Progress of Human Knowledge, 

IN the preceding part of this treatise the phy- 
sical character and condition of man were first 
considered; and, afterwards, the adaptation of 
external nature to the supply of his bodily wants. 
It remains for us to consider the adaptation of 
the various objects of the material world to the 
exercise of his intellectual faculti^. 

But, in contemplating the connexion which 
exists between the external world and the exer- 
cise of the mind of man, who shall attempt to 
describe the nature and boundaries of that yet 
unmeasured plain of knowledge, in which man 
is constantly either intellectually expatiating, or 
practically exerting himself? who, without wan- 
dering into the mazes of metaphysical specula- 
tion — always amusing in the pursuit, but never, 

T 
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perhaps, satuifaotory in the result-^who shall de* 
velope the obscure steps by which scimice first 
finds access to the mind ? In reflecting indeed 
on the state of civilized society during its earli» 
periods, there is nothing more wonda^ in the 
intellectual history of mankind, than the skilful 
management of many processes in the arts, the 
true nature of which was not understood till ages 
and ages afterwards. Thus, although zinc was 
scarcely known as a distinct metal till about a 
century since ; and, almost within the same pe- 
riod, one of its commonest ores, calamine, was 
held in so little estimation in Great Britain that 
it was frequently used merely as ballast for ship- 
ping, (Watson's Essays, vol. iv. p. 6.) ; yet that 
same ore was used before the time of AristcAle 
fast the purpose of making brass, and to that 
purpose is principally applied at the present 
day. The process also of making wine was 
known in the earliest periods of hifi^ry; al^ 
though the principles on which it is produced 
were not well understood till a few years since. 

Another remarkable fact in the history of 
human science, which, though frequently ob- 
served, has not yet been explained, is the oc- 
casional arrest of its progress at a point imme- 
diately bordering on discoveries which did not 
take place till many ages subsequently^. This 



^ The mibstence of the followii^ note^ tilioii^h not directly il- 
lustratrre of the sul^ect now under eonlideratiaii, w not irrele- 
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ibay be affirmed, in a certain sense at least, with 
respect to glass : for this substance, though very 
early discovered, hardly came into general use 
for ordinary purposes till comparatively a very 
late period. But a more remarkable instance 
occurs with re^p«t to the art of printing : and 
whoever looks at the stereotype stamps, as they 
may be called, which have been discovered at 
Herculaneum, and other places, will be disposed 
to allow that the embryo of the art of printing 
died, as it were, in the birth''. 

Vftnt to it ; and is sufficiently curious in itself to justify its in- 
troduction to the notice of the reader. 

In Dr. Thomson's Annals of Philosophy for 1817, p. 149, is 
dn account of a papef read at the Royal Society, relative te some 
•Kpenznents made on torpedoes a^ Rodielle, in \diich it is statcMl 
that, where torpedoes abound, boys are in the habit of playing 
the following trick to those who are not in the secret. They 
persuade the ignorant boy to pour water in a continued stream 
ttpon the torpedo; aftd the oouBequeiice is, that an electrietd 
flhoek is convened, along the stream, to the body of the boy. 

Plutarch notices the same fact in almost the same terms. ^^It 
'' is affirmed by those," he says, '^ who have often made the ex- 
periment, that, in pouring water on a live torpedo, the hand of 
the person who is pouring the water will be sensible of a shock, 
which has s^parently been conveyed through the water to his 
hand." ^Evioi be iaropova-i, irclpav avrrjs iirvirkeov Xafipdvovres, 
O-v iicireoTi (axra (Napw;, the Torpedo) , KaratTKibawvvTfs vBiop 3.p<a6€v, 
td&ffdvwdai Tov ifoBovs dyarpcxorros in\ rff¥ X^H^t '^^ ^V^ a^^ ^- 
fikvwovrw^ Off toucfy 8ih rov vbaros Tfteirofuvov kcu irponeiravB^roi, 

Plut. Moralia, Oxon. 4to, 1797^ tom. iv. p. 643, 644. 
3K A very interesting conjectural account of the origin and 
progress of the arts, and of social life, occurs in the last part of 
the fifth book of Lucretius. 
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In order that the external world may be fitted 
to the just exercise of our intellectual faculties, 
it is evidently necessary that its phenomena 
i^ould be presented to our senses with a cert^ 
degree of regularity. This is a condition so 
obvious to a mind capable of reflection, that we 
find it inculcated, almost in the same terms, by 
two writers of the most opposite views as to the 
causes of those phenomena. Thus Lucretius 
asserts, that the sun and moon, by the constant 
returns of their light and by the regularity of 
their course, afibrd to mankind an assurance 
that day and night, and the various seasons of 
the year, will recur not only in a definite order, 
but also for definite periods of duration^. And 
thus also, but in language and imagery more 
elevated, and with a sublime acknowledgment 
of the cause, as well as a declaration of the fact, 
the author of the 19th Psalm affirms, that ^' the 
heavens declare the glory of God, and the 
firmament sheweth his handywork. Day unto 
day uttereth speech, and night unto night 
sheweth knowledge." 
But it is also necessary to the just exercise of 
our intellectual faculties, that the senses of men 
in general should be similarly afiected, when 
acted on by the same causes: for otherwise 
there would be no stability in our knowledge, 
as derived from these its most fertile sources. 

y Lib. V. 971—979, and 1435—1438. 
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And though, from a peculiarity in original con- 
stitution, or from the effect of disease, the sen- 
sations of particular individuals may differ, not 
only in degree but in kind, from those of the 
world at large ; the error is of no moment, since 
it may at once be corrected by a reference to 
the common sense of mankind. 

If any one should too curiously object that 
there can be no direct proof of a similarity of 
impression, from the same object, on the sens^ of 
men in general ; it might be answered, that nei- 
ther is there any direct proof to the contrary : 
while we have many antecedent reasons for be- 
lieving that there really is such a similarity of 
impres^on. The structure for instance of the 
several organs, of taste, smell, hearing, and 
sight, is essentially the same in all individuals ; 
and ihe functions of those organs may therefore 
be presumed to be the same : and from the si- 
milarity of the natural expression of disgust, 
which peculiar odours and flavours usually ex- 
cite in numerous individuals, it cannot be rea- 
sonably doubted that their respective senses ar^ 
similarly affected by those agents. 

If, again, any one should further object that 
we can have no absolutely firm ground for a re- 
liance on the senses themselves, it might fairly 
be answered, that although, from the time of 
Pyrrho to that of Berkeley, there have been 
always speculative sceptics with respect to the 

t3 
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testimony f^ the senses, there probably has 
never been a practical sceptic on that point. 
It is stated in the life of Pyrriio by Diogenes 
Laertius/ that though that philosopher asserted 
the nonexistence of matter, and pretended ther^ 
fore to universal indifference, he was sometimes 
overcome by his feelings, and would then act as 
other men act on such occasions; and, when 
reminded of the inconsequence of his conduct 
with reference to his doctrine, he would excuse 
hims^f by asserting, that it is difficult entirdy 

to put off human nature, (i^ ymkevou €hf oAocr^gf^ 

i/Swai aaSpwFcv) I and it must be confessed that, in 
this apology, he offered the best comment cm the 
character of his doctrine. And most philosc^i- 
cally does Lucretius* argue, in noticing the ap- 
parent modifications of form which bodies un- 
dei^o, in consequence of being viewed at dif-^ 
ferent distances, that, although no satis&ctory 
reason can be ^ven of the real cause of the illu- 
sion, it is preferable to assign a false reas^i, 
rather than, by a consequent want of reliance 
on our senses, to overturn those foundations oi 
all belief, on which our safety and life depend. 

We have seen, in the course of the foregoing 
inquiry, how extensively the various objects of 
the material worid are applicable to the wants 
and conveniences of man in every stage of so- 
ciety; and we cannot reasonably doaht that 

» Lib. IV. 502-512. 
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tbey weire created for that, as a main purpose^ 
aaiong others to which they are sabservi^it< 
Such at least was the conclusion of one of the 
greatest philosophers of antiquity ; though un- 
aided by the direct light of revelation. " Fof 
" what purpose," asks Cicero, " was the great 

* fabric of the universe constructed ? was it 
^ iifterely fat the purpose oi perpetuating die 
^ various species of trees and herbs, which are 
' not endued even with sensation ? — ^the supposi- 
' turn is absurd. Or was it for the exclusive 

* use of the inferior animals? — it is not at all 

* more probable that the Deity would have pro- 
^ duced so magnificent a structure for the sake 
^ of beings, which, although endued with sensa- 
' tion, possess neither speech nor intelligence. 

* For whom then was the world produced ? — 

* doubtless for those beings who are alone en- 

* dued witii reas<m." (" Sin qus&rat quispiam, 

* cujusnam causa tantarum rerum molitio facta 

* sit : arborumne et herbarum ? quae, quanquam 
^ sine sensu sunt, tamen a natura sustinentur ; 

* at id quidem absurdum est. An bestiarum? 

* nihilo probabilius, Decs mutarum et nihil in- 

* telligentium causa tantum laborasse. Quorum 

* igitor causa quis dixerit effectum esse mun- 

* dum ? Eorum scilicet animantium quae ratione 
^^utuntur*.") Whether the earliest steps in the 

discovery of the arts of life depend on the effect 

a Cic; de Nat. Deor. lib. II. c. 53. 

T 4 
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erf diyine impiration, of which Jhe siihject of 
that inspiration is unconscious — ^to which wzp- 
position there does not appear any reasonable 
dejection — or whether they result from the imr 
pulse of unassisted reason ; it would be fruitless 
to inquire : but it is interesting to contemplate 
the similarity of principle which seems to regu- 
late the discoveries of the useful properties of 
material substances^. Man does not appear to 

*» The following passages^ one from Vitruvius, the other from 
Cicero^ are applicable on the present occasion. '^ The Deity has 
'^ provided an abundant supply in every part of the world for 
'^ the necessary wants of man ; and has ordained that that sup- 
" ply shall be easily attainable : whereas those things which are 
'' to be considered in the light of luxuries^ as gold and precious 
" stones^ are rarely met with^ and are procured with difficulty*" 
(^' Igitur divina mens^ qam proprie necessaria essent gentibus^ 
non constituit difficilia et cara ; uti sunt margaritse^ cseteraque 
quae nee coi|)us nee natura desiderat : sed sine quibua morta- 
lium vita non potest esse tuta^ effiidit ad manum parata per 
omnem mundum." Vitruv. Prefat. ad lib. viii) '^In vain 
had nature created gold and silver^ and copper and iron^ uiu 
'^ less she had at the same time instructed mankind how to dis-* 
'^ cover the repositories of those metals. And, again, in vain 
had the material been adapted to our wants, unless we und^- 
stood the method of obtaining it in a separate and p^ect 
" state." {" Aurum et argentum, ses, ferrum, frustra natura di- 
vina genuisset, nisi eadem docuisset quemadmodum ad eorum 
venas perveniretur — materia deinde quid juvaret, nisi confec- 
tionis ejus fabricam haberemus ?" Cicero de Divinat. lib. i. 
c 51.) The following passage from Isaiah gives authority to 
the preceding opinion : " Doth the plowman plow aU day, to 
sow ? doth he open and break the clods of his ground ? When 
he hath made plain the face thereof, doth he not cast abroad 
" the fitches, and scatter the cummin, and cast in the principal 
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that kind of instinct which leads him to 
the selection of a specific sort of material for 
his nourishm^it or clothing, or for the construe-* 
tion of his habitation : but, in proportion as he 
feels new wants, he meditates on the means 
of gratifying them ; and usually perceives, with 
a quick eye, those qualities in external bodies, 
which make them capable of being fitted to the 
end he has in view. This power of perception 
is peculiarly characteristic of the intellectual 
faculties of man : and although the inferior ani- 
mals have, to a certain extent, the same power, 
with reference to their specific instincts, yet in 
them it is very limited. The nest of the same bird 
may be composed, in difierent years, of some- 
what . different materials, according to the lati- 
tude of her choice ; but, with the exception of 
such a modification, she never varies from or 
improves upon the original plan : the compara- 
tively unsheltered hovel of the rook, for instance, 
is never improved into the comfortable cottage 
of the swallow. 

It is probably owing to the exercise of the 

** wheat "and the appointed barley and the rie in their place? 
*' For his Gt>d doth instruct him to discretion^ and doth teach 
'' him." Ch. jLxviii. 24—26. And so, when Dr. Thomson 
considers it as " remarkable that almost aU those metals which 
'^ were known to the ancients possess malleability^" (Thomson's 
Chemistry^ sixth edit. vol. i. p. 325.) it may with propriety be 
observed that those are exactly the metals^ without which society 
could not have existed. 
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above m^itioned power of perception iti the 
human mind, that the instruments and arts 
of uncivilized life, observable at all periods of 
history and in all parts of the world, have such 
a general resemblance; although, in the con* 
struction of the one, ^r the exercise of the other, 
there cannot have been any communication of 
knowledge. Ck)mpare, for instance, the stone 
arrow-heads and axes of the ancient Celtic na* 
tions, with the similar instruments of the inha^ 
bitants of those islands of the Pacific Ocean 
which were not discova*ed till the last century. 
The following fact, and accompanying remark, 
may be mentioned, in illustration of the present 
part of the subject. Captain Beechey, in de* 
scribing a dead whale which had been wounded 
by an Esquimaux harpoon, having ** a drag at* 
^^ tached, made of an inflated seal skin, which 
'^ had no doubt worried the animal to deatli,'* 
adds this pertinent observation. ** Thus, with 
knowledge just proportioned to their wsmts, 
do these untutored barbarians, witli th^r slen- 
^^ der boats and limited means, contrive to take 
" the largest animal of the creation." Voyage 
to the Pacific, p. 270 ^. 

^ Tine same author observes, in a short sketdi of Upper Cali- 
fbnua, that the natives enhivate no knd^ but subsist entirety 
^* by the chase and upon the i^xmtaiieoas produce of the earth ; 
*' aoonts, of which there is a great abundance in the ooustary, 
" constituting their principal v^etalde food. Of these aeora0 
" they procure a supply in the proper season ; and^ after hsviag 
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It is probable, then, that there is an in-* 
stinctiive tendency in man to meditate on the 
nature and properties of those material objects 
and phenomena which are frequently presented 
to his view; and subsequently to derive from 
^s meditation the means of applying those 
objects and phencmiena to his wants, whethw 
of a necessary or an artificial character. Thus 
astronomy was originally cultivated with most 
success by those who lived in a climate in which 
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baked them^ they bruiae them between two atonei into s 
paate which will keeip unto the following seascm. The paste^ 
" before it is dried^ is subjected to several washings in a sieve ; 
'^ which process, they say, deprives it of the bitter taste com- 
^ mon to the acorn. W^e cannot but remark the great resem- 
" Uance this custom beacs to the method tidopted by the Sootk* 
^ sea islanders to keep their bread-iruit : nor ought we to fail to 
'* notice the manner in which Providence points out to different 
tribes the same wise means of preserving their food, and pro- 
viding against a season of scarcity." (p. 399.) A simikdr re- 
lectioB will naturally occur to the reader with vttipeet to 
thei? mode of decoying deer and ducks : their plan, in the lat- 
ter instance, differing very little from our own ; in the former, 
being conducted on the principle of the stalking horse, (p. 399, 
400. See also Be Bry, voLM. pi. 25. Deseript. of Florida.) 

On one occasion^ in alluding to the structure of the bow 
among uncivilized nations. Captain Beechey forcibly reminds 
the classical reader of a line in the first' book of the Iliad : 
ietpij d^ KKayyfj yever* dpyvpioio jStoio : for, after having said that 
the CaHfomians string their bows mndi as we do (p. 402), he 
states that the Esquimaux leave the string in contact with about 
a foot of the wood at each end ; while the Californians n^uffle 
that part with furj in order to prevent the report, which would 
betray them, when fighting in ambush, (p. 575.) 
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an unclouded sky prevailed; navigation, by 
those who lived on the borders of the ocean ; 
and the general arts of life, by those who in- 
habited regions characterised by tlie fertility of 
their soil, and the abundance and variety of 
their mineral productions. Of these positions, 
ancient Egypt, Phenicia, and India are re- 
spectively instances : though it is not intended 
to affirm that an unclouded sky is alone suffi- 
cient to produce a tendency towards the culti- 
vation, much less a national superiority in the 
science of astronomy ; nor a vicinity to the sea, 
an excellence in nautical skill; nor, lastly, a 
fertile soil and abundance and variety of mi- 
neral riches, a correspondent skill in the general 
arts of life. In every instance it may be pre-' 
sumed that civilization must have advanced 
sufficiently to have produced many artificial 
^nt8, before individuals feel that powerful 
Stimulus which prompts them to take the full 
advantage of those resources which nature has 
placed within their reach. The miserable na- 
tives of New Holland, though inhabiting a coun- 
try as extensive, and in parts as fertile as 
Europe, have affi>rded no indications of an ap- 
proach towards that degree of civilization which 
would lead them to discover and apply its re- 
sources. 

But, though it would be a vain and useless 
speculation to inquire in what way the arts and 
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sciences actually arose, or how it has happened 
that they were more pr less successfully culti- 
vated by diflferent nations, it cannot be either 
uninteresting or uninstructive to compare the 
progress which natural science had made in 
Europe, at a period shortly antecedent to the 
Christian era, with the state in which it now 
exists: and such a comparison is in strict ac- 
cordance with the original intention of this 
treatise. The materials for this comparison, 
which will be attempted only on a plan the 
most general, have been principally derived 
from Lucretius, and from that work of Aristotle 
which is entitled, Ilep) Zim 'la-ropia^. It should be 
remembered, however, that there is a broad line 
of distinction between the mode in which na- 
tural science was cultivated by the ancients, 
and that which has been adopted by the mo- 
dems. The ancients, though on many occasions 
as accurate observers of the obvious phenomena 
pf nature as the modems, were too hasty in 
coming to conclusions as to the character and 
cause of those phenomena ; and hence the crude 
opinions and theories with which their phi- 
losophy abounded. But, if we justly consider 
the precept of Thales, " Know thyself," as a pre- 
cept of the highest wisdom for our moral con- 
duct, we must, on equally strong grounds, con- 
sider it as the highest prerogative of reason, 
or our intellectual nature, to know the actual 
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extent of its own powers : ami it is one of the 
glories of the philosophy of the present day, 
thaty instead of being ashamed of its own limi* 
tations, and consequently prone to hurry into 
unfounded assumptions for the purpose of hid- 
ing its ignorance, it explicitly, and at once» 
acknowledges the point which for the present 
must be considered as a barrier to further pro^ 
gress ; still however looking forward to the pe- 
riod when the increased accumulation of new 
&cts shall enable it to remove diat barrier. 

SECT. II. 

Opinions of Lticretius on the Consiitution of Matter in 
general; and on the Nature of Light, Hecd^ Water^ 
amd Air, 

In attempting to explain the constitution of 
the universe, and the general phenomena of 
nature, Lucretius assumes that matter in its 
primary form consists of very small and im- 
penetrable particles, which, from their supposed 
incapability of further division, are called atoms; 
that, from the fortuitous concourse of these atoms^ 
all natural bodies were originally produced ; and 
that into these they are again resolved by those 
conmKMi processes which we are constantly wit- 
nessing, as the death and consequent decom- 
position of vegetables and animals, and tibe 
wearing away of the most solid bodies by the 
eflfect of exposure to the air, or by the insensible 
attrition of oth^ bodies : and, lastly, hie main- 
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tains tliat these at<m»s existed from eternity, 
and are in their essence indestructible. 

He asserts as untenable, in fair reasoning, the 
opinion that there is no term to the divisibility 
of matter ; since, on that supposition, the smallest 
bodies would consist of an infinite number of 
parts : and he consequently concludes that those 
indivisible bodies or atoms must be perfectly 
solid ^. He impugns, as opposed to common 
sense, the doctrine of Heraclitus that all things 
are formed from fire ^, and also the doctrine of 
others, that all things are formed from fire or 
air, or water or earth ^ ; or from binary combina- 
tions of them, as of air and fire, or of earth and 
water : and, lastly, he rejects also the doctrine of 
£mpedocles, that all natural substances are pro- 
duced from the joint unicm of fire, earth, air, 
and water?. And Lucretius himself supposes 
that the original atoms of matter may, by a mere 
variation in the modes of combinati(»Q, produce 
all the objects of nature, whether animate or 
inanimate ; illustrating his argument ingeniously 
by a reference to the fact, that an endless va- 
riety of words, of the most different meaning 
and sound, is produced by various combinations 
of the same letters ^. 

It is not necessary, on the present occasion, 
to comment on the obviously athei^cal charac- 

d. lAieret. Hb. I. passim. « Lib. I. 636—639, and ^1—700. 
f Lib. I. 706—712. « Lib. L 713—717. ^ Lib. I. 817—829. 
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ter of some of the opinions of Lucretius : bat it 
may safely be affirmed that, although he strains 
the application of his general argument so as to 
support a belief in the eternity of matter, deny- 
ing equally its creation and destructibOity; yet 
the basis of his argument, if confined, as it ought 
to have been, to the existing constitution of the 
earth, rests on a legitimate induction from the 
{rfienomena of nature : for, certainly, there is no 
reason for believing that a particle of matter has 
either been lost or added to the earth or to the 
atmosphere, since their creation. And, in rea- 
soning from the mere phenomena, Lucretius 
justly asks, if every thing which disappears, in 
consequence of age and apparent decay, iB 
actually destroyed, whence is there a renewal of 
animal or vegetable life ? how do rivers continue 
to flow'? concluding with one of those beautifW 
illustrations, in which his poem abounds. ^^ It 

* may be said perhaps, that the showers, whick 
^ sink into the earth and are lost to our sight, 

* apparently perish : but then, from their fer- 

* tilizing efiects on the soil, and their subs^ 

* quent incorporation with the growing seed, 

* the harvest rises, and the vine and fig-tree 
' flourish. Hence, moreover, animal life in 
' general derives its support ; the sportive lamb 
' hence draws its nutriment from its fiiU-fed 
' mother, and wantons round the meads and 

5 Lib. I. 226—232. 
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'* woods ; and hence those woods themselves 
yearly resound with the melody of their na- 
tive tenants. Nor does the effect stop here : 
for we ourselves ultimately derive our sup- 
port from the same source; and cities are 
" eventually peopled from the nutriment pro- 
" duced by the very rain which we had fondly 
** supposed to perish. But nothing really pe- 
** rish^; nature producing new forms of matter, 
" from the materials of those which have ap- 
** parently been destroyed^." 

It would appear, from a very remaricable 
passage in Lucretius, that some of the philo- 
sophers of his day entertained an opinion, which 
he himself however opposes, that there exists a 
universal law of gravitation, by which all bodies 
tend towards the earth as the centre of the uni- 
verse ; that, in consequence of this law, the bo- 
dies of those animals which inhabit the opposite, 
ory as it were, the inferior surface of the earth, 
are no more capable of falling into the sky 
which surrounds them, than the animals inha- 
biting our own, or, the relatively upper surface 
of the earth, are capable of rising into the sky 
which is placed above them. And, correspond- 
ently with the spherical form of the earth, which 
almost necessarily follows as a corollary from 
such an exposition of the law of gravitation, the 
same philosophers argued that, at the same mo- 

k Lib. I. 251—265. 

u 
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ment when on the opposite surface it is day» 
with us it is nightl 

Althou^ Lucretius, when speaking in general 
t^ms of the tendency of all heavy bodies to fall 
towards the earth, and of the acceleration of 
motion and increase of force which they acquire 
in falling, offers such an acc^mnt of the facts as 
we might expect from his confused doctrine of 
atoms, and shews his ignorance of the real 
character of jpo^i/tw gravity; yet of the nature of 
relative or specific gravity, that is, of the cause 
why equal bulks of different bodies are of diffe- 
rent weights, he gives the true explanation, by 
asserting that the heaviest bodies contain moe^ 
matter, and consequently have fewest potes^. 
That such pores exist not only in wool, and bo* 
dies of a similar texture, but even in those which 
are hard and compact, is proved, he affirms, by 
the percolation of water thnmgh the roofs of 
caverns ; and from the transmission of the food 
both of animals and plants into their extreme 
limbs and branches'^. 

Lucretius considers light as a very subtle 
kind of matter, which, from its tenuity, is 
capable of inconceivably swift motion ; the rar 
pidity of which motion he instances in its near* 
ly instantaneous diffiision through the whdte 

1 Lib. I. 1051—1065. 
m Lib. VI. 334—346. and lib. I. 359—370. 
^ Lib. I. 347—354. 
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heaven^. With respect to the connexion of light 
and colour, he not only affirms that the latter 
cannot exist without the former; but that the 
particular colour observable in different bodies 
is not inherent in those bodies, and that in 
every instance it is produced by the direction, 
or other circumstances, under which light im- 
pinges either on them, or on the eye of the be- 
holder : and he gives as examples the plumage 
of the neck of the pigeon, and of the tail of the 
peacock P. And thi^, he adds, the countenances 
of the audience, and the whole interior of a 
theatre, closed in with coloured curtains, are 
tinged with the colour of those curtains'^. He 
instances the foregoing position by a reference 
to the colour of the sea ; which, when viewed 
in the mass, is blue or green; but, when con- 
verted into mere spray, is white '^^ And he argues 
that colour does not belong to the ultimate con- 
stituent parts of bodies, on this ground— that if 
coloured bodies be reduced to minute particles, 
the colour vanishes ^ 

Occasionally he employs terms which, even 

at the present day, correctly express the fact of 

the equality of the angle of incidence and of re- 

Jlexion: and he graphically describes the effect 

of refraction in altering the line of direction 

o Lib. IV. 184—190, and 200—202. 

pLib. II. 794—808. qLib. IV. 70—78. 

r Lib. II. 736—772 . « Lib. II. 825—832. 

u2 
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of the rays of lights But, in alluding to the 
phenomenon of the rainbow, he briefly states 
some of the circumstances under which it ap- 
pears; without attempting to account for the 
mode in which the effect is produced'*. 

Lucretius supposes heat to be a material sub- 
stance, because it excites a specific sensation ia 
animal bodies^ : and, notwithstanding the obvious 
alliance between heat and light, which is observ- 
able in many common phenomena and operations, 
he conjectures, what has been most unexpectedly 
ascertained by the experiments of the late Dr. 
Herschel, that there are rays of heat emitted 
from the sun, which are distinct from the rays 
of light emitted from the same source 7. 

In speaking of the natural sources of heat, he 
observes, that it is generally produced by rapid 
motion ; and gives as an instance the heatmg 
and even the liquefaction of a leaden bullet, 
which has been projected through the air with 
great force and rapidity '. He also notices fric- 
tion as a source of heat; instancing the fire 
which is produced by the mutual attrition of 
branches of trees*. In speaking of compressicm, 
as another source of heat, he not only gives the 
more obvious and probable illustration of light- 
ning, expressed or forced out from a condensed 

t Lib. IV. 319-324, and 438—444. 

^ Lib- VI. 524—526. x Lib. I. 299—304. 

y Lib. V. 609—612. « Lib. VI. 176, 177, and 306—307. 

» Lib. V. 1095—1099. 
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cloud **: but, in mentioning a spring of water 
observed to be periodically warmer in the night, 
and colder in the day, he almost anticipates the 
views of modem chemistry respecting the dif- 
ferent capacities of bodies for heat; when, in 
accounting for the fact, he supposes the heat to 
be forced by compression, occasioned by dimi- 
nution of temperature, from the surrounding 
earth into the water ^. His interpretation in- 
deed of the phenomenon is not correct; but 
this error does not interfere with the ingenuity 
of the illustration, or its coincidence with mo- 
dem hypothesis: and it is remarkable that, 
even after the lapse of twenty centuries, the 
real nature of heat is still questionable. We 
now know that, in such instances as that just 
mentioned, the apparent difference of tempe- 
rature depends upon the relative temperature 
of the surrounding air ; water which has been 
recently drawn up from the well feeling cold in 
the heat of summer ; but warm, during a frost. 
The fact is, that, being really of a mean tempe- 
rature throughout the year, it will be greatly 
beneath the temperature of the air of summer, 
and therefore will then appear cold ; and it will 
be on the other hand above the temperature of 
the air of winter, and will therefore at that sea- 
son appear warm ^ • 

t Lib. VI. 270—275. c Lib. VI. 861 -873. 

^ Aristotle^ in his history of animals^ mentions as a fact, with- 
out however offering any explanation of it, that during the night 

u3 
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From yarious phenomena, as from the drying 
of linen, or from its becoming damp without a 
risible accession or exhalation of particles of 
moisture, Lucretius ai^es that water -is capable 
of existing in the state of an invisible vapour**. 
He asserts also that its constant exhalation from 
the sea is proved by the corrosion of walls built 
near the sea-shore, and from the salt taste per- 
ceptible in our mouths while walking near the 
sea^; and that, although this exhalation takes 
place in a small quantity only, at any given 
moment and from a given surface, the aggre- 
gate quantity, which is the ultimate result, is 
very great; and, lastly, that in consequence of 
this exhalation, the sea does not increase in 
quantity notwithstanding the constant influx of 
rivers, and the rain that falls into its^. He no- 
tices moreover and accounts for the equality of 
the balance, between the quantity that falls into 
the sea from rain and rivers, and the quantity 
that is evaporated from the surface of it*'. 

In speaking of atmospherical air^ Lucretius 
maintains that, although in its nature invisible, 
and to all common perception intangible, from 
various phenomena it may be reasonably in- 

the water is wanner than the air ; for in stating that crocodiles 
commonly remain on the land daring the day^ but in the water 
during the nighty he adds as a reason^ that during the night the 
water is warmer than the air, (dXccii^cpoy ydp ion rrj^ aWpias, 
Ed. Bekker. p. 37.) 

• Lib. I. 306-^11. f Lib. IV. 219—227. 

« Lib. VI. 607—630. k Lib. V. 381—394. 
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ferred, that it is really a tangible, in other words 
a material substance. " Thus," he says, ** whea 

* we observe that the winds, which are evidently 

* nothing more than currents of air, not only 

* drive the clouds in various directions, but vio- 

* lently agitate the ocean ; and even occasion 

* the wreck of the largest ships, by dashing 
^ them against the rocks : or when, in the form 

* of a hurricane, they snap asunder the state^ 

* liest oaks, and lay prostrate in their course 

* the honours of the mountain forest ; we can- 

* not doubt that in their mode of action, as well 

* as in the destructive character of their effects, 

* they resemble the inundation of a rapid river; 

* like which, they sweep before them every ob- 

* stacle, or carry up the heaviest bodies into 
^ the atmosphere, in their invisible eddies, with 
' no less ease than the eddies of a rapid stream 

* ingulf whatever comes within their vortex*." 
He also shews, by a still more refined argument, 
that the air must be a material substance, be- 
cause it offers resistance to falling bodies ; prov- 
ing this resistance by the difference in the ve- 
locity of falling bodies of different weights : for, 
were there no re^tance in the air, he asserts, 
and the fact is experimentally shewn in modem 
lectures, that unequal weights, meeting with no 
impediment or support, would fall with equal 
velocity^. 

i Lib. I. 272—295. ^ Lib. II. 230—239. 

u4 
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Lucretius distinctly notices the physical office 
of the air as a receptacle, and medium of con- 
veyance for sound ^ and odours™, and the vari- 
ous exhalations continually arising from the 
surface of the earth''. But, though he is right 
in asserting that the skin of animals and the 
bark of trees are a protection against the action 
of the air, he is wrong m supposmg them to be 
a protection against the mechanical action of that 
element®. The science of chemistry, which had 
not then arisen, has taught us that such external 
coverings are a protection against the chemical 
action of the air. 

It appears probable, from the preceding state- 
ment, that in the age of Lucretius philosophers 
had formed some reasonable conjectures re- 
specting the nature of light and heat ; and that 
several of the physical phenomena of water and 
of atmospherical air had been accurately ob- 
served, and upon the whole correctly explained 
by them. And even in a subject of a much 
more subtle nature, the mutual attraction of the 
magnet and ifon, the explanation of the pheno- 
menon was attempted with a degree of ingenuity 
quite equal to that, which has marked the rea- 
sonings of some of the philosophers of the last 
and present century, on subjects of a similarly 
abstruse nature. 

1 Lib. IV. 561—563, and 572, 573. 

^ Lib. IV. 219^222, and 228—230. n Lib. V. 276, 277. 
o Lib. IV. 930—934. 
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In proceeding to account for the attraction of 
iron by the magnet, Lucretius first describes 
the well known experiment of a short chain of 
iron rings, the several links of which are held 
together merely by the force of magnetism ; the 
attractive power of which is communicated con- 
tinuously from the first to the last in the series. 
He then claims the particular attention of his 
reader to his proposed explanation of so difficult 
a subject, by reminding him that, in facts of this 
kind, many points must be laboriously investi- 
gated and established, before a rational solution 
can be given. Thence, assuming that from all 
bodies minute particles are constantly radiating, 
of which, those from some bodies are disposed 
to affect one sense ; from others, another sense ; 
and that all bodies are porous to a greater or less 
extent, and are severally indued with their spe- 
cific qualities, affecting or being affected by dif- 
ferent bodies differently ; he argues that, from 
the magnet as from all other bodies, such mi- 
nute and specific particles are constantly ema- 
nating; that this emanation dissipates the air 
from the space intermediate to the magnet and 
iron; and that, a partial vacuum being thus 
formed, the ring is immediately propelled, by 
the air on the other side of it, towards the ml^g- 
net, to which it subsequently adheres by an in- 
visible bond of union ; and so, in succession, all 
the other rings are impelled : the adhesion tak- 
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ing place by some process, as insensible as that 
which unites glue to wood; mortar to stone; 
or the colouring partidles of the purple dye, to 
wool P. 

The observations of Lucretius which relate to 
the mineral and vegetable kingdoms are too few, 
and of too general a nature, to justify even a 
cursory comparison of them with the present 
state of science in those departments: and 
though Pliny dedicates a considerable propor- 
tion of his Natural History both to minerals 
and vegetables, there is nothing sufficiently 
systematic in his method, or approximating to 
the present state of science, to be of any avail 
for that purpose. The same remark holds good 
even with respect to Theophrastus, not only in 
the case of minerals, but of vegetables also. The 
ancients had a glimpse indeed of the sexual 
system of linnseus, with reference to the palms; 
but ^ew no tendency to a generalization of the 
observation. 

SECT. lU. 

Opinions qf^ Ancients on the Organization and Class^ 

cation of Animals. 

It appears from what has been said in the 
preceding section, that in mineralogy and bo- 
tany we scarcely find among the ancients the 
slightest indications of those comprehensive sys- 
tems, in the construction of which the last and 

Pliib. VI. 906— 1088. 
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present centuries have been principally instru- 
mental. 

Not so in the animal kingdom. In this branch 
of science the true principles of classification 
seem to have been almost as cleariy understood 
in the age of Aristotle, as at the present day : 
and, in order to enable the reader to judge of 
the truth of this assertion, I propose to offer a 
short and cursory analysis of that work of Ari- 
stotle which is entitled Uep) Zim 'laropia^ ^ ; com- 
paring it at the same time with similar mo- 
dem works, and particularly with that of Cuvier 
entitled, " Le R^gne Animal, distribu6 d'apr^s 
" son Organization," which was published in 
Paris in the year 1817, in four octavo volumes ^ 

I shall not stop to inquire whether the work of 
Aristotle is to be considered as containing the 
result of his own observations only, or whether 
he has collected into one body all that had been 
observed by others as well as himself; which 
last supposition, however, is probably the true 
state of the case. But in order to illustrate the 
magnitude of such an undertaking, and the diffi- 

<1 It will be convenient here to state^ that the edition to which 
references will be made in the following pages is that of Bekker, 
Berlin, 1829, 8vo. 

T A new edition of this work w^ published in 1829, but the 
preface of the first is retained without any important alteration, 
and indeed with scarcely any alteration at all. Nor are the al- 
terations, or additions, which have been made in the body of the 
work, of such a nature as to affect the present comparison. 
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culties attendant on it, even in the present splen- 
did era of philosophical discovery, I need only 
refer to the following acknowledgment of Cu- 
rier, Aristotle's great rival in this department of 
natural science, contained in the Preface of 
the " R^gne Animal." He there at once con- 
fesses, with reference to his own work, that it 
would have been utterly impossible for any in- 
sulated individual, however long his life, and 
however great his leisure, to complete a sys- 
tematic classification of animals on the prin- 
ciple of conformity of structure (which, it should 
be observed, is Aristotle's leading principle as 
well as his own) ; that he should not even have 
been enabled to offer the present simple sketch, 
had not the advantages of his situation com- 
pensated for his want of time and talent. Sur- 
rounded as he was by so many accomplished 
Naturalists; deriving information firom their 
works at the moment of their publication ; and 
having as free access to their collections as to 
his own ; a great part of his labour necessarily 
consisted, he affirms, in the application of so 
many and such rich materials to his present 
essay. 

He accordingly acknowledges his obligations 
to Geoffroy, Levaillant, Oppel and Blainville, 
Lacepede, and Lamarck, in the respective de- 
partments of quadrupeds, birds, reptiles, fish, 
and testaceous animals; all which classes of 
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animals are described in tlie two first volumes 
of his work. And he particularly expresses 
his obligations to Latreille, who furnished him 
with the entire third volume of the " R^gne Ani- 
" mal," containing the arrangement of crusta- . 
ceous animals (Johstersy &c); the arachnida 
(spiders, &c.) and insects ». Of his fourth and 
last volume he speaks in such brief terms as 
the nature of its contents requires: for, inas- 
much as it only contains a compressed account 
of those animals whose history is very obscure, 
either from the minuteness of their size, or from 
our ignorance of their habits and modes of life, 
it is necessarily very short in itself, and concise 
in its details ^ 

It is clearly immaterial, on the present occar 
sion, whether the work of Aristotle, which we 
are about to examine, be entirely his own, or 
only a systematic exposition of the opinions and 
knowledge of others ; for, on either supposition, 
it is evidently a representation, on the authority 
of which we may fairly rely, of the general 
amount of knowledge accessible to the contem- 
poraries of Aristotle, in that department of na- 
tural science: and as, with even still greater 
confidence, we may rely on Cuvier's work, as a 
similar representation of the existing state of 
knowledge in the same department, I may safely 
refer to it as a standard of comparison with 

* Preface, p. ix, x. * Pref. p. xi. 
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reference to the knowledge and opinicms of the 
modems. 

In attempting to give an account of Aristotle's 
views, it is prudent to state that it has been col- 
lected from numerous and various notices dis- 
tributed very irregularly throughout the body of 
his work ; so that it is scarcely possible to be 
confident of having given the correct reference 
in every instance. It is prudent to make this 
Statement, lest any of my readers should be led, 
in consequence of an incorrect reference, to 
doubt the fidelity of the representation here 
given, from the difficulty of meeting with the 
original passage. This difficulty is perhaps 
greater in the case of Aristotle, at least with 
respect to the work in question, than in the 
case of most other authors, in consequence of 
what may be called his Pindaric style of di- 
gression; which is occasionally so abrupt as 
to be at first view ludicrous. Thus, in com- 
paring the kidney of the turtle with that of 
the ox, he suddenly illustrates his subject by 
observing that the viscera of the bonassus also 
(an animal not very like a turtle) resemble those 

of the ox. C^X^^ ^^ '^^^ ^ Pova(Tog ra evro^ aToara ofJLOia 

l3ot p. 45.) And, again, in the midst of a whole 
page descriptive of snakes, when speaking of 
their cloven tongue, he abruptly says that the 
seal (an animal not more like a snake, than the 
bonassus the turtle) also has a cloven tongue. 
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^^5^6/ ^€ Koi 17 ipiKvi ecryiCfiimiv ryjv yXZirav. p. 48,) 

It may however be presumed that, in these, as 
in many other instances, not only of this but of 
many other of his works, the text has been vi- 
tiated or interpolated. Indeed some of the 
opinions expressed in the work are so opposed 
to the acknowledged physiological acuteness 
of its author, that they cannot be consistently 
admitted to have originated with him : and 
such, assuredly, is the solution offered in ex- 
planation of the physical phenomenon to which 
allusion is made in the proverb, ae) Ai/Svyj (f>€p€i n 
Kaivcv: respecting which he says " that, in conse- 
** quence of the want of rain in Libya, animals 
" of all kinds congregate wherever there is 
" water ; and that, being rendered tame by 
" thirst, all those individuals which, though 
" of different species, are nearly of the same 
size, and which go with young for nearly the 
same period, breed together and produce new 

forms." (rioXv[JLop(f>OTaTa Se {ra JSa) ev rij A/j8tn7-— S/a 
yap -npf avofi^piay [u<ry€<r6ai ioKcT awavrSma vpog ra viaria, 
tea) ra /x^ ofA,o<f>v\af Kai €K<f>€p€iv (cv oi y^owi ol ryj^ tcvyjaeco^ 
oi avTOt Kai ra [MyeOvj [jlvj voXif am aAAiyAwv* vpfiq oXXi^Xa &€ 
vpopferai ha rypf rov votov jjpe/av. p. 248.) 

With reference to animal life in general, 
Aristotle notices the gradual advances made 
by nature from the state of inanimate matter 
to that of living beings ; whence there arises a 
difficulty in ascertsdning the common boundary 
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of the two divisions. And he then obsCTves that, 
in the scale of material existence, plants imme- 
diately succeed to lifeless forms of matter ; and 
that although among plants the degree of the 
living power is " various, some being indued 
with a greater portion of it than others ; yet, 
considered collectively, plants represent as it 
were a middle term between animals and all 
other bodies; appearing as indued with life, 
in comparison with all other forms of matter, 
but devoid of life in comparison with animals. 
The change from the vegetable to the animal 
nature is as gradual, as from inanimate to 
vegetable matter: for there are some marine 
productions, of which it is difficult to affirm 
whether they are animal or vegetable ; since 
they permanently adhere to the spot where 
they are found, and cannot be separated from 
it without perishing ; and they manifest very 
obscure, if any, signs of sensation. Indeed the 
whole class of testaceous animals can scarcely 
be considered as superior to plants, when com- 
pared with those animals which are indued 
with the power of moving from place to 

place." {OvTco y Ik riv ati/vyfov ciV ra ^£a fJLeraPcuifu 
Kara [UKpov ^ (f>vcri$, Oftrre ry (rwe/jEM ?\Mif$dv€iv to fieOopiov av- 
t£v Kat TO liAtTov voT€po9V €OTiV [MTa yop TO tSv ajpv^w ye- 
vog TO tZv ipxnrSiv vfSsTOV €ot/V kui tovtoov €T€pov vpog €T€pOV 
hcuf>€p€i tZ fJLakXov ioK€7v [jL€T€')((eiv 5«^^, o\ov Se TO yevof 
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a TO tZv ^cowf Atf/ti^dv. 17 $€ iuiTa0a<Tii €^ a^cSy ei^ ra ^ijoa 
cwcjf^^ €0T/>— — ev/a yap rSy €v t^i floAarr*; J/airopiyac/cv oi» 
rtg vorepov fyov eoriv yj t^vroy vpo<T7r€(f>uK€ yap^ km %<opi^o^ 
fA€ifa voXXti ^lai^Seipereu rZv tciovtcov — SX»^ Se irav to yevof 
TO tSv ooTpaKoiepfJUinf <I>vto7^ eoiKe vpog tcl vopetrrsKa t£v foMw. 
Kai 'jrept cu^$yi(re»^, tol puh ainm ovSe ev (ryifiatverai. p. 212, 

213.) 

** Again, if we regard the substance of the 
** lower specjies of marine bodies, though in 
some instances, as in sea-nettles, it approaches 
to the character of flesh; in others, as in 
sponge, it closely resembles a vegetable mat- 
ter. And, lastly, as different bodies appear 
to partake, in different degrees, of life itself; 
so do they differ with respect to the degrees 
^ of activity in the functions of life. Plants, for 
" instance, seem to be incapable of effecting 
^ much beyond their individual nutrition, and 
" the continuation of their species : and the 
same observation holds with respect to the 
lowest species of animals. By the addition of 
" sensibility in different degrees, the pleasure 
" and activity of life are increased ; first in the 
" gratification arising from mutual intercourse ; 
^^ and furtlier, in the natural affection which 
^^ the parent feels for its offspring, and in the 
" care of providing food for it." ('H 8c toD aifjuMro^ 

hfi^v aapxoi^^ cor/ (pvfTig^ oiov to, t€ fcaXovfi€va T'qBva koli to 
TW axetkvypHv yivo^' 6 Sc awoyyo^ vaifTeXZ^ eoiKe To7g (^vrcSg. 
&€i &€ KOfTOL fjUKpav ii6uf>opav erepa vpo hepw'^^ tpaiWTair 

X 
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jMoAAoy ^wp e/flvra kou Kivfjaiv, km tcara ra^ rov fiUv il 
vfoJ^uf Tov axnov ^Yfi rpovov. riv t€ yap ^vrSv e^ov oiXht 
oXXo <l>aiv€Tai vk^v oTov airo voiri<T€u itaXiv er^pof, oaa yiverai 
ita avepfAOTOi' OfMiv^ ie kcu t£v ^coopv cvickw vetpa t^ yevecnv 
ovihf eoTiv oXAo Xa/SeTv cpyw— -wpoo-piJo^^ S* cuo^acvg ^17, 
irepi T6 ryjv cr/j^iav dia ry^v i^doy^v oiotq>€pw<T^y avroov 01 p^i^ 
KOU vepi Toif^ TOKovg KCU ra^ €KTpo(l>a$ t5v r€KV»v. p. 213.)- 

" Some animals, then, merely extend their 
** species, after the manner of plants, at stated 
" seasons ; and take no care of the individuals 
produced by them. And even of those ani- 
mals which provide nourishment for their off- 
spring, the greater number exercise their care 
" for a definite period only ; that is, till their 
" young are capable of providing for them- 
" selves : after which, they forsake or have no 
" further communication with them. Some in- 
deed, apparently indued with a higher degree 
of intelligence, enter into a social communion, 
and establish a kind of polity with their off- 
spring." (Ta [JLev oZv awA«f, Soavep ^vro, Kara raf 
mpaf avor^kti lypt oiKeioaf yevco-zv* ra §€ kou v€pi rof rpefpag 
eKvoveiTou rHv riKim, Srav ^ oarortkeaifjf ')(»pi^rrou kou 
Kotimviav oviefxiav fvi voiovvrou' ra $€ (Tw^rir^pa kou ico/y«0- 
mnna f^v^fJ^i^^ ew) vXeov kou woXniKir^pov ypSvrou roTg ovo* 

yom<;. p. 213.) And he makes a distinction in an- 
other part of his treatise between such animals, 
and those which are simply gregarious; the 
former being characterised by the disposition 
to contribute collectively to the completion of 
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some one work; as man, the bee, the- ant, &c, 

(irekiriKa ^ eoTiv oov ev ri kcu Komv yiverai vayrm to cpyoiT 
ow€p ov itavra vom tol wy^'kcua. can ie toiovtov exvOpomo^f 
fiiXtrra, (T(f>vj^y fj.vpfxyjl^, p. 4.) 

With the exception of the opinion that inani- 
mate matter graduates into life, nothing ad- 
vanced by Aristotle in the foregoing observa- 
tions, if considered in the light of a general 
statement, is contradicted or set aside by our 
present knowledge. For no opinion perhaps is 
more prevalent, among those who £tre capable 
of fairly investigating the characters of natural 
objects and phenomena, than that there are 
gradations of excellence in the various forms of 
matter; although the limits of distinction are 
often obscure. Who, for instance, that has com- 
pared the respective structures and qualities of 
the bodies, can doubt that the most splendid 
mineral indicates, humanly speaking, an infi- 
nitely less effort of creative and superintending 
power than the most simple vegetable ? In the 
mineral we find a perfect similarity, or rather 
sameness, of character, pervading all the inte- 
grant particles of the mass ; the order of their 
union being the result of a mere external force, 
which, having once brought them together, ceases 
to have any further effect. In the vegetable we 
find a most curiously arranged system of internal 
tubes or pores, which attract and separate the 
elementary principles of the soil and of the at- 

x2 
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modphere in which the plant is placed ; giving 
ride to structures the most wonderful, and, if we 
contemplate different individuals of the v^e- 
table kingdom, more variegated than the mind 
could have imagined — ^the bark, the wood, the 
leaves, and lastly the flowers, fragrant with a 
thousand odours, and emulating the brightest 
colours <^ the rainbow. Or, again, if we cmxi^ 
pare the character of the vegetable, fixed to its 
native soil, without any inherent power of moving 
itself, either totally or partially; insensible to tibe 
influence of those agents which beget a success 
sion of new feelings and emotions in animals; 
how contracted in its sphere of relations Bxaeft 
we consider the former body, when compared 
with the latter ; and how incalculably a greats 
power of creation do the phenomena of animal 
organization indicate ! Gorgeous as are the lilies 
of the field, so that ev^i Solomon in all his 
glory was not arrayed like one of these, yet 
what are they in the effect they {m>duce on the 
human mind, compared with the lightnii^ of 
the eagle's eye, or the fire-breathing nostril of 
the horse ? Most assuredly, in our estimation of 
excellence, the intellectual and moral image will 
sdways bear the preeminence ; and, whether or 
not the physical conformation may eventually 
be found to correspond, philosophers have actu- 
idly classed animals in such an order^ that those 
which manifest the higher d^ree of intdUigence» 
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and c( moral feeling, are comparatively higher 
in the scale. 

As instances of the equivocal character of 
those particular fcMrms of organized matter to 
which Aristotle alludes, when speaking of the 
obscure boundary that separates animals from 
vegetables, corallines and substances of that 
kind may be adduced among animals; and, 
among vegetables, those green, and in appear- 
ance gelatinous confervie which are found in 
abundance in stagnant ditches during the sum- 
mer. And these, and similar examples, seem 
to shew that, after the lapse of more than 
twenty centuries, the difficulty of defining the 
boundary between animal and vegetable oi^n- 
ization still exists; a difficulty which is fully 
admitted by the principal physiologists of the 
present day". 

In examining, however, more particularly the 
preceding opinions of Aristotle, there is one 
which does not accurately agree with the pre- 
sent state of our knowledge : there is not, namely, 
that continuity of gradation which he expresses 
by the term cwexc/a*. There is probably no 

^ See Maeleay's Horae Entomologicae^ p. 191. 

' A modern, parallel to this opinion may be found in the geo- 
logical hypothesis that the simplest forms of animal life occur 
only in the older strata ; more and more complicated forms ap- 
pearing in the more recent formations. The progress of geology 
has shewn that this is not really the case. See Prof. Sedgwick's 
Address to the Greol. Soc. p. 2. 

x3 
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living philosopher who advocates the opinicm 
that gradual advances may be traced from the 
state of inanimate matter to that of life: for 
even Lamarck, who entertains the opinion of a 
gradation in structure among animals to a very 
extraordinary extent, considers that the differ- 
ence between organized and unorganized mat- 
ter, in other words between living and lifeless 
matter, is extreme ; so that they cannot poawbly 
be ranged in the same line. And he also be- 
lieves that, however remarkable may be the ap- 
parent affinity between plants and animals, they 
may always be distinguished 3^. 

But a regular gradation of form cannot even 
be traced in one and the same kingdom of na- 
ture : for, with reference to animals, Cuvier dis- 
claims any attempt to class them so as to form 
a single series descending gradually from the 
higher to the lower classes. Such an attempt 
he thinks absurd; and is far from supposing 
that, even in a separate class, the last in order 
are the lowest in the degree of their organiza- 
tion ; and still farther is he from supposing that 
the last of a higher class are more highly ad- 
vanced than the first of the class inmiediately 
succeeding. He merely allows that a regularly 
graduated scale is occasionally observable to a 
certain extent; and maintains that the universal 

y Lamarck^ Philosoph. Zoolog. torn. i. p. 377^ 384 ; and 
398^ in note 1. 
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application of such a principle is inadmissible 
<m any philosophical grounds^. And Lamarck 
himself agrees with Cuvier in this opinion. 

The only formal terms of classification em- 
ployed by Aristotle are €?So^ and ycvof, of the 
first of which he gives a remarkably precise de- 
finition. That definition is really, though not 
in literal order, as follows : — " an animal species 
^^ is an assemblage of individual animals, in 
" which not only the whole form of any one re- 
" sembles the whole form of any other, but each 
" part in any one resembles the corresponding 
" part in any other. Thus every horse not only 
" resembles every other horse generally, but the 
eye or the hoof of every horse resembles the 
eye or the hoof of every other horse. And the 
^^ same statement is applicable to man and other 
" animals. They are therefore the same in the 
" character of their individual parts." CEx€/ ^c 

rfy ^GO»y hta fjiev iravra ra fjJpia ravra akX/^Xoi^, hia V 
erepa, Taira ie ra /i€V €/^e/ t£v [Mpict>v ecriv, oTov avBfiirov 
fi^ Kcu i<l>6aXiJL0K a»6pco7rov pivi tcai o<f)6ak[ji^y kou aapKi aap^ 
KM oaro) ooTOW rov avTOv 0€ rpovov kcu unrcv kcu tcpv oa- 
kpnf fowvj oaa rS eT^ei ravTa Aeyo/x€v lavxoiV' OfMiw^ yap 
Zavep TO oXov e/jEi vpog to oXov, Kai tSv fMpmv e/fi tKatnov 
%poi c/caoTov. p« !•) 

In comparing the preceding definition of Ari- 
stotle with the corresponding definition of Cu- 
vier, we find that there is no essential difference. 

2 R^ne Animal^ pref. p. xx^ xxi. 

x4 
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Cttvier aayi^, '' Every orgaiiized body has, eeielu- 
'' sirely of the common qualities of its tissue, a 
peculiar or proper form; not only gen^^ly 
and externally, but even in the detail of the 
structure of each of its parts'^. And all the 
individuals belonging to one of iJiese d^ned 
" forms constitute what is called a species^.'' 
Aristotle thus defines the term yevo^. ^^ A genus 
is an assemblage of individuals, in which any 
one bears, upon the whole, an obviously per- 
ceptible resemblance to any other. Thus birds 
'^ and fish constitute two distinct genera ; each 
comprehending several species. But the cor- 
responding parts, in the diflFerent sp&nes of the 
same genus, usually differ in colour, finrm, 
" number, size, or proportion. In different ge- 
neruy indeed, the difference of corresponding 
parts occasionally proceeds still further; tihe 
" only resemblance being that of analogy, as 
'' between a scale and a feather ; a scale being 
" to a fish, what a feather is to a bird." (Ta Sc 

ravra fjiiv eoriv, ^iwf^pu tt. koS vjF€poyyi» kcu cAAe/if/zv^ oawf 
TO ycvof eoT/ rairw. keyco Sc yhfo^ olov opvtBa km i%ft5>* 
rotJrwv yap e/^arepov e/jn houpopav Kara to yktmg^ mu cornr 









A Chaque corps organise^ outre les qualites communes de son 
tissu^ a one forme propre^ non-seulement en g&ieral et a I'ex- 
terieur^ mak jusque dans le detail de la structure de chacune de 
ses parties. Tom. i. p. 16. 

^ Et tQus les etres appartenans a Tune de ces formes consti- 
tuent ce que Ton appelle une espice. Tom. i. p. 19. 
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i7^ 9Xiw l)(jHw Km of^Mm* ^dttp^u ii a%€^ ra vAc^a 
Tifiy fMpiw hf eamlg wafia ra^ rm vakfuuAroent hcaniwrugy Jbc0 
YfifMxer^ Mdu o^ifjiMrrof , r£ ra fj^iv fiakXov aura TtewovOivcu rk 
a ^frrfdff tr^ ^c ffXrj^i kou ikiyiryfn km [i^e/eOei Km cfUKpO" 
Tt/jTi Km oXi»g trKfpoyjfj km lXX0inj/€i. p« 1 • 'AXA' ig ilvttv ra 
7rXi7(7Ta kai i^ »v [MpZv i vag oyKog cvvicrfiKiv, ij ravra Ic- 
Tiy yj iia<f>if^i ro!V euamoig km Kaff imep&Xffv km eXAciif/iv.--^ 
Eiva ^ rfy ^iwf ovre ^?^i ra fMpia raira €)(€i 9vr€ koJ^ 
vm%pff/y(9 KM iXXeiflnVf aXka kot ivakoyiMf^ olov Ten-ovfcy 
— «]po^ «T€po» X«r/f* % yap €v ?jpwA urt^dv, tovto iv /'xftJ? 
€OTi A€ir/jf. p. 2.) 

B«t although Aristotle uses the term yi^^^ in 
its primary sense, as applicable to an assem- 
blage of different species having a general re- 
semblance to each other ; he extends it indefi- 
nitely, so that it is practically applicable to the 
modem and more comprehensive terms of trihe^ 
fomily, order y or even class : for, as we have just 
now seen, he distinctly applies it to the class of 
&»h, and of birds. And it is remarkable that he 
sometimes uses the term yhog as synonymous 
with €i&)r, or even a still lower denomination ; 
implying, that is, merely an accidental variation 
in a species. 

The following are instances of an undefined 
use of the term yevo^ . Having spoken of red- 
blooded and vertebrated animals, he adds, ra ii Mi- 

nu yivri t5v fcww ?<rr/ /a6v rerrapa hypyjixiva €/V y^^ • (p. 104.) 

in which passage ycyo^ is first equivalent either 
to the species or to the genus ; and afterwards to 
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the (prder^ or to the classj of modern zodogifite. In 
another passage he says, ciV/ ^e yivri rSh /ubcAirreSy 
w\€i» ; (p. 287.) where ym^ is evidently used as J^f . 
Aristotle was quite aware of the necessary 
connexion between the blood, or a fluid analogous 
to it, and the life of an animaL '' Every animal/' 
he says, '^possesses a vital fluid, the loss of 
which occasions its death:" (exju ^e kcu vyponrra 

iFOOf ^oSoy^ $(* arepia-KOfJi^voy — ifAiiperai. p. 7«) and aS the 

colour of this fluid in the higher classes of ani- 
mals is always red, {t<m 8c rrpt (f^van to oSiJiOr^-^oih-^ 
TO y^i^a epvOpov. p. 75.) hence, for the purpose of 
distinctive description, he assuqies the colour ad 
an essential quality; and calls those animals 
which have red blood eMu/ta, and those which 
have not red blood avaifjLa. And thus he es- 
tablishes a fundamental natural division, an- 
swering to the red-blooded smd white-blooded 
animals of modem zoology: and it is of great 
importance, with reference to his- principle of 
classification, to bear in mind that he places 
the evcu/jMy or red-blooded animals, in the upper 
part of his scale. 

Aristotle was also aware that there is a na- 
tural connexion between the existence of red 
blood, and of a spine or back-bone, made up of 
several distinct portions called vertebrae ; (waarra 

de Ta 9»a, o<ra evaifxa cor/y, ejjc/ p^X^^f P« OO, (TvyKurm h 

fi pay}^ \k o-^ovWawv. p. 65.) and he saw, conse- 
quently, the coincidence of iJiese two conditions 
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in the classification of animals : and hence we 
find vertebrated animals occupying the first di- 
vision in his scale, as well as in the scale of 
modem naturalists ; though, in consequence of 
his desultory method of treating the subject, it 
requires some care to ascertain the order of his 
arrangement. 

Aristotle begins his work with some observa- 
tions on the characters of the different com- 
ponent parts of the bodies of animals (and these 
are subsequently repeated in a more detailed 
form,) which forcibly remind us of the tissues 
of modern anatomy ^ : "of the component parts 
" of animals," he says, " some are of the same 
" texture throughout : of which the most general 
" are the blood, and the blood-vessels — ^the flesh — 
" bone— skin — ^membranes — hair — ^fat, &c. (TSv 

isv ToiV ^oDo/f fioptm ra [mv Icttiv afrvvOerOf oaa haipeirai e/^ 
ifJLoiofJiepiij p. 1. T£v ^ ofMiofxepZv Koivorarov fj>€9 i<m to 

c Anticipations of modem physiological opinions are occa- 
sionally observable in Galen also. Thus the following passage 
clearly contains the germ of Bichdt's doctrine of organic sensi- 
bility. " In vegetables there is a peculiar power of sensation^ 
by which^ though incapable of sights or hearing, &c. they are 
capable of distinguishing between those particles, of matter 
'^ which will nourish them, and those that will not ; attracting 
" the one, and rejecting the other." ("Er^pc^v cor* ylvos ala-Brfa-fas 
hf roii ^vrots— ^o0r€ y^ tw 6paT&Vy oifrc roy aKOVOTiK&v k, r. X. 
?X^t btayvaxriv, dXXh fk6vov tSp Tp€<l>€iv fj firf Tp€<t>€iv bvvayi.ivoiiV' ra fJMV 
yap Tp€<l>€i,v bvvdfi€va 7rp6s iavrfju eKKovaa k, r, X. fieraPaXXti vp6s t6 
olKtiop rrjs Tp«<f>ofi€Prjs ovaias^ rh bi p.^ Bvvdfieva Tp€<f>€iv ov irpcxriCTat.— 

Gali^ni Op. Kiihn, vol. iv. p. 7^4.) 
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/kX^. P« 55.) 

He then dktributee the seyeral classes of ani-* 
mals into those which have blood, and tibose 
which have not blood : and though in the first 
instance his distribution is very conAised, yet, 
when adjusted by subsequent statements, the 
order of arrangement is as follows. Among 
those which have blood, are man, vwiparous and 
wiparaus quadrup^j Im^dSj fishy cetaceous oju- 

INoZs, and serpents. (Ta f^h haifSA — avifMnno^ re Kou Ttt 
l^ffnoKa TW rerpawoimff m ii kcu ra ^tfroKu rSyrerpav^ 
%m Mu Spvif K^i i'xfivf KCU ic^o^y xai—S^C' p« 42.) 

Among those which have not Mood, are animato 
naturally divisible into segments, as msects ; ani- 
mals of a soft substance throughout, as cmtde' 
fishf &c. ; animals having comparatively a soft 
shdil» as lobster Sy &c, ; and those which have a 
hard shell, as oysters^ &c. (^AXko ^€ ycyo^ hari to rSh 

iarpaKo^ipfAMV, o KoXeTrai ocrrpeov* aXXo to t£v iuakoucQ(TTfar 
KWh—^QV Kapa^oi Kcti yivri Tiva KapKivonf kou aoTOKciv^ aXM 
TO r£y fJMXa/cwVy oloih^^^iffifieu* €T€pov to tSv hrrofAon/. ToSra 
$6 vdmra jxev eor/v oiveufMi. p. 10.) 

He proceeds then to say, that " after having 
'' considered the common attributes and actual 
^' differences of animals, we must ^ideavour to 
** find out the causes of these ; for only by a 
" demonstration and comparison of the pecu- 
" liarities of individuals can we hope to arrive 
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** at a natural method of classification." {TlfSrov^raf 

Mcroi le tovto rof alria^ Tovr«» freipariov fvpeh. ovrw yap 
Kocm (f^vaiTf hart votufrBat rrpt fjueSoicVy V7rapj(fiv(r^c t^^ /Vto- 
pia^ ryj^ nepl cKacrrcv. p. 11.) " And, first, we must 

** compare together the several component mem* 
** bers of animals ; for the chief differences 
" among animals will be found in the presence 
" or absence of particular members, and in their 
" order or position ; or in their form, proportion, 
♦* the analogy of their uses, or the peculiarities 

** of their colour, &C.'' (Arjirreov ^€ irpSroy ra fjuipff rS$ 
^ion ^ offv cnmaTTifctv^ Kara yap ravra fjA^iara Kai vpSra 
Oi^epei Kai ra oaa, ^ too ra fi^ ^X^^ '^^ ^^ P7 ^^^'^9 ^ '^ 
9i(Ttt Kai Tfi To^ei^ vj kcu Konra roc elp^fxiva^ irporepcv hoK^ 
pa^9 etiti KM innpojfyj kcu Gwakcrfia km tSv vaJhifAaxtov ghx^h 
TWtvfTi* p. 11) 

In the same philosophical spirit, and in terms 
not essentially different, Cuvier affirms that, in 
tbe attempt to establish a natural classification, 
" he examined one by one all the species that 
** he could procure ; and then classed together 
^ as a subordinate generic group all those which, 
" resembling each other in the more important 
parts of their structure, differed only in size, 
or in colour, or in other points of little im- 
" portance." (J'ai examin6 une k une toutes les 
esp^ces que j ai pu me procurer en nature ; j'ai 
rapproch^ celles qui ne diff^raient Tune de I'autre 
que par la taille, la couleur, ou le nombre de 
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quelques parties peu importantes, et j'en ai fiEUt 
ce que j 'ai nomm6 un sous-genre. Pref . p. xii.) 

In the examination of the component mem- 
bers of animals in general^ Aristotle selects man 
as a standard of comparison ; alleging as a 
reason, that, as merchants estimate the yalue of 
foreign coin by a comparison with that of their 
own country, because best known to them ; so 
in making a classification of animals we natu- 
rally employ man as a standard, because we are 
more familiar with the human form than with 
that of any other animal. (IIpiTov ^i ra toS avOpwrov 

fiAfiq X,ifWT€ov' wavep yap ra vo[JU(TiJi»»ra irpo^ to arroK 
iIkootoi yvoopifiMTaTOV ^KifLa^ovaiVf cirrc0 S^ km ev to7( ak" 
Xms* $' ooApwro^ tZv ^(fotv yiwpifiMTarov iifuv cf avayfcri^ 

iariv. p. 11.) And, man being admitted as the 
standard of comparison, it necessarily follows 
that, as a general rule, viviparous animals, birds, 
reptiles, and fish, would respectively come next 
in succession : and that order, as we have just 
seen, Aristotle actually observes. In one in- 
stance, indeed, he for a specific reason inverts 
the order of arrangement; and, commencing 
with those animals which least resemble man 
in their organization ; and proceeding with those 
which bear a nearer and nearer resemblance to 
him ; he terminates his description with man, as 
having the most complicated structure of all 

animals. CEiwe/ ie iiyprjrcu ra yevrj xpSrov, rov airov rpo* 
voy Kcu vt/v v€ipaT€Ov TToieia-Bai t^v O^wpiav* vAijfy rore /E^ev 
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t^ a^p^ eiFoiovfJLeOa <rK07nvvT€^ vep) reSv jx€^y av avOpirGV, 
wv Se v€p) rcvTOV rcXevraiov \€KT€ov ha to ttXc/tti^ ?jjf«^ 

iFpayfAoreiav. p. 112.) And he then enumerates 
the several classes in the following order ; " ani- 
" mals having a hard shell ; animals having a 
" soft shell ; moUusca, or animals of a soft sub- 
" stance throughout ; insects ; fish ; birds ; ovi- 
" parous and viviparous quadrupeds; and man: 
" by inverting which order we arrive at a correct 
" view of his original arrangement." (IlpTov ^ 

ap/creov airo tSv oarpaKohipiAWVy fj^era Se ravra irepi tZv fjLo^ 
XcucBorpaKosVy Kai to. aXka Sc tovtov rov rpoirov €(f>€^i^(' ecri ie 
ra T€ fJLaXaKia km ra cvro/xa, Kai fj^era ravra to tSv ly(fiwo¥ 
yevo^f TO T€ faoToifov Ka) to mTOKov avrZy, elra to tZv opviOwf' 
jxeTOL &€ TavTU wept tZv ire^iv Acicreov, oaa t€ ^(fOTOKa Koi oaa 
oDOTO^a. ^opoTOKa ^ ioTi t£v Tevpotufc^wv hiOf tcai avOpomoi 
rSw hxohonf jjlovov. p. 112.) 

It is remarkable that, from the age of Ari- 
sti^e to nearly that of Linnaeus, no systematic 
classification of animals was attempted; none, 
at least, was generally adopted. Soon after the 
commencement of the last century Linnaeus di- 
rected his attention to the subject ; and distri- 
buted the whole animal kingdom into six class- 
es, mammalia, birds, reptiles, fish, insects, and 
worms : in which distribution Lamarck observes 
that he improved on Aristotle, first, by using 
the more distinctive term mammalia^ and plac- 
ing the cetacea in that class ; and, next, by mak- 
ing a distinct class of reptiles, and arranging 
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them between birds and fish. If this alteration, 
which has been subsequently adopted by all 
other zoologists, be made, Aristotle's arrange- 
m^it of yertebrated animals agrees with that of 
the present day. And in distributing all other 
animals intoyimr classes, which linnaeus di^*i- 
butes into two only, Aristotle must be considered 
as having proceeded upon the more philosophical 
principle ; because the species of these animals, 
taken coUectiyely, are much more numerous, and 
much more diversified in their form and struc-* 
ture, than the ^>ecies of vertebrated animals. 

Lamarck's objection to Aristotle's arrange* 
ment; on the ground of its commencing with 
animals of a more complicated instead of those 
of a mwe simple structure, is, for more than 
(me reason, of little weight: for, in asserting 
that such an arrangement is contrary to the 
order of nature, he nmkes a peculiar hypothesis 
of his own the basis of that assertion; and, 
with the exception of Lamarck himself, almost 
if not all modem naturalists, including Cuvier, 
adopt the same principle of airangement as that 
of Aristotle. 

Lamarck objects with more justice to the 
terms mu^ and ovoi/aKx, as also to the supposed 
improvement of some modem naturalists by the 
substitution of the equivalent terms, red-Ueoded 
and white-blooded; because in the second of 
those two divisions some species are included. 
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aa wormS) &c. which have red blood* Oh this 
ground Lamarck proposed to divide all animals 
into those which have, and those which have 
not, vertebrae ; or into vertebral and invertebral 
animals^. And he extended the *fi?o invertebral 
classes of Lipjiseus to jf?^, and subsequently to 
tm^. 

With reference to the classification of Ari- 
stotle, as expressed in his first book, it has been 
occasionally observed by literary men, who were 
not familiar with the details of his history, that 
quadrupeds in general and reptiles are ex- 
cluded. " The most comprehensive groups into 
" which the greater number of animals may be 
" distributed," he says, " are these : one, of 
" birds ; one, of fish ; one, of whales and other 
" cetaceous animals; all of which have blood. 
" There is another group of the otrrpaKoUpfML ; 
" another, of the fkaKoucodrpouca ; another, of the 
" fiaXoKia; and another, of the €vto[jm; all of which 
" are without blood. Of those animals which do 
" not come within the foregoing arrangement, 
" there are no comprehensive groups ; for no 
" individual type comprehends many species : 
" and there is one type which is unique, afford- 
" ing only a single species, namely, man. Some 
" types afford different species without a differ- 
" ence of specific denomination : thus there are 
" red-blooded quadrupeds, of which some are 

d Plulos. Zool. torn. i. p. 116, &c. ^ Ibid. p. 121, 122. 

Y 
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'' Tiviparous, and othars oviparous/' (reyi^ &€ /xc- 

[MM coTiy. a\ko d€ 7€yo^ cori to iwy oor^oicodc^/iQ^y— oAXo to 
TcSy fcoAoirooTp^an^— -oXAo to T«y fJLaKoucimh^'-ercpw ro t£v 
crro/AOpy. Tatrra Sc Taarra flip eoriy aweu/jL^^-'^TSiv Se AoiirgM» 
{jMvy oviceTi Ta 'yeyi; [xeyakar ov yap wepiejfei woXka ei^yj eit 
eli^f, aXka to fki» eoriy ovXoSy a^o ov#c e)(fiv iia<f>opa;» to 
62^.f, olo* 'i,^pwitof, ric ^ ^ei /»^, i)^' i»ifviM t^c €^$1]. *E<tt< 
yap Ta rer^avoSa icoi /i.^ xre^arra hdu/ia /xcy vana^ aXXk ra 
fi€V ^(poTOKa Ta i^ ioTOKa avTch. p. 10.) '^ And' though 

there are many species of viviparous quadru^ 
peds, yet they have no collective denomina- 
tion ; but each is distinguished, as in the case 
" of the human species, by its proper name ; as 
" the lion, deer, horse, &c. on which account 
" we cannot describe them collectively, but must 
" consider the individual nature and character 

" of each." (ToS &€ yeyov? tov tZv T^poMotwt ^tiwf Kei 
Xf<yroKmv €?$17 /xey iori iroAAa, avifvftja §€* aAAa koS e/catrroy 
auTw ig e/VcZv, Soirep avipwrog upifproi, Xiw, €ka<f>o(, tmrof 
— AiO KOi %(»p)g Kaii,fia»oYtag aTfotryiciq Biwpeh iKoarov Tjpt ^v^ 
atv ovtSv, p. 10.) 

It is interesting to observe that even Cuvier 
occasionally experiences a similar difficulty in 
his classification; and expresses himself, with 
reference to the difficulty, in nearly the same 
terms as Aristotle. Thus, in introducing his 
third order of the mammalia, called camivora^ 
he says, " The forms of the different genera of 
'' this order are so various, that it is impossible 
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" to range th^n in the same series : they are 
" therefo^ diyided into several, families V And 
of one of these families, the marmpialia^ to which 
the opossum and kangaroo belong, he observes, 
that '' the genera of that family might form a 
" distinct order ^ so very peculiar is their struc- 
** turefi^." And on another occasion he adds, with 
respect to this same family, that ** although the 
" various species so closely resemble each other 
" in many points as for a long time to have been 
*' classed in one genus only; they yet differ so 
widjely in their feet, and teeth, and organs of 
digestion, that, considered with reference to 
" those parts, they might be distributed, not 
into one but several orders^ ; — and might con* 
stitute even a separate and parallel class of 
" mammalia^" 

^ '^ Les Camassiers. — ^Leurs formes et les details de leur or- 
ganisation varient beauooup — au point qu'il est impossible de 
ranger leurs genres sur une meme ligne^ et que Ton est oblige 

'^ d'en former plusieurs families qui se lient diversement entre 

" eUes par des rapports multiplies." tom. i. p. 121. 

fif " Les Marsupiaux— pourraient presque former un ordre a 

" part^ tant ils offrent de singqlarites dans leur economie.** tom. i. 

p. 169. 

^ " Malgre une ressemblance generale de leurs especes entre 
elles^ tellement frappante, que Ton n'en a fait long-temps 
qu'un seul genre^ elles different si fort par les dents^ par les 
organes de la digestion et par les pieds> que si Ton s'en tenait 
rigoureusement a ces caracteres^ il fkudrait les repartir entre 

*' divers ordres." p. 170. 

i '^ On dirait, en un mot^ que les marsupiaux forment une classe 

^' distuid£, parall^ a celle det qoadrupMes ordinaires." p. 171- 

y2 
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In addition to the natural groups, enumerated 
in the distribution above described, Aristotle re- 
fers to a few marine animals which principally 
belong to the zoophytes of Cuvier, without com- 
prehending them under a distinct name. Of 
that extensive class of animals, called at the 
present day polypes, which are the fabricators 
and inhabitants of every variety of coral, he says 
nothing: and of that still more extensive class, 
if the term class be not too confined, the ani- 
malia infusoria^ he was almost necessarily igno- 
rant; most of the species being microscopic. 

It appears, from a few scattered notices, that 
Aristotle had a faint idea that the specific cha- 
racters and dispositions of animals might be 
altered, from the effect of food and other cir- 
cumstances : (tcSv ^i^v rSov Terpavoicov voXXrpf al xSifcu 
Toiovai iicupopav ov [Jiovov vpog rip aXkypf rov aoofJMro^ 
€vyj[JL€ptav aXXa kou ifpo^ to ttXtovojcig iyti^criou Kai yetvav. 
p. 122. Oaa fxh oZv fJLoXaKag ej^ei ra^ "^p^X^^^ ^iPoaiq, 
XpcofJLeva (TKXyjpoTepa^ ?<3^€i, oaa ie (TKXrpa^y ixaXcucocrcpa^ 
Kou eXoTTov^, Aia<f>€pova-i ie km Kara tov^ rovovg tov^ Oep^ 

fMTCpOV^ Kai \l/V)(J>OT€pOVg. p. 68. 'Ev/oT€ yiVCTOU T»y jDW- 

vo^O(ov €K fieXavoov t€ Kai [JLeXavrepeov XevKa — €K H tcov 
XcvkSv yevcov qvk coirrai €iV /^eXav fkera^aXkov, p. 71.) And 

he mentions particularly one instance of this 
kind, though his reasoning on the occasion is 
not admissible in the present state of physiolo- 
gical knowledge. In observing that, " as the 
'' actions of animals are determined by their na- 
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" tural affections and physical powers, so their 
moral habits, and even some of their physical 
characters, are capable of being altered by 
" their actions ;" he says, that " the common 
" hen, if she have fought with and vanquished 
** the cock, will b^in to crow, and to imitate 
" the cock in various ways ; and her comb will 
" increase, and her plumage alter to such a de- 
" gree as to make it difficult to determine whe- 
" ther she be really a hen : even spurs, though 
" small, will sometimes grow on her legs." 

( HcTTrep ie ra^ vpa^^ag Kara ra vaOvj (rvix/Soim vomadcu 
vaat To7f ^(potg^ ovtoq irakiv km ra vfivi fMja^akkovai Kara 
rag irpa^eigf wokXaKig ie kou riv fMpioDv ma^ oiov hn rm 
opvtOwf avfji^fiaivei, Ai re yap okeKropiieg orav viK'^tJcoat rovg 
appevag, KOKKv^ovo't re fJLi/MVfJLevai rovg appevag kcu oyeieiv 
hri'xetpova'if koi ro re KoKKaiov e^aiperat avraig Kat ro ovpo" 
vvyioVy (ocre [Jl^ po&iag ov hfiyvSauu ori 6^keiai elatV eviaig 
&€ KOU vXrjKrpd rtva [JLiKpa eira»e(mj. p. 302.) 

The fact is nearly as Aristotle states it ; and, 
to a certain extent, similar facts are observable 
in the human species as well as in other ani- 
mals; namely, that the peculiar characters of 
the female are occasionally obscured, with re- 
spect both to the physical form and the moral 
habits. But, in reasoning on the phenomena, 
Aristotle mistakes the effect for the cause. The 
circumstance of having fought with the cock is 
hot the determining cause of the change in the 
external form of the hen : but the alteration it- 
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8^ in the external fonn is dependent on, or 
at least coincident with an imperfect develope- 
raent, or a subsequent alteration, of the inter- 
nal structure ; wluch imperfect developement or 
subsequent alteratioQ determines that degree of 
masculine course which jHrompts the hen to 
fight, and to imitate the male in oth^ ac- 
tions. 

And so it sometimes happens that, in fe- 
males of the human species, the fi^ninine form 
is mther never originally developed, or, by age 
or other causes, becomes so much altered as to 

lose its usual characters ; {yvni hi rof hn rS yepem 
w (f>v€i Tfiy(fig* tA^ htioug ytyvovrai oX/yo/, oroa ra Kara" 

fMpua (Trjj. p. 70.) and, correspondently with these 
exterior traces of virility, there is often in such 
cases a masculine temperament of the mind, 
which marks the character of the virago. And, 
on the other hand, from analogous causes ana- 
logous changes are found to take place in the 
male of our own species, or c^ any species 
nearly resembling our own: for, in such in- 
stances, the tone of the voice and the general 
form of the body acquire a feminine character ; 
and that firmness and resoluticm, which belong 
naturally to the male, subside to a greatear or 
less degree into a feminine gentleness. 

Aristotle, then, had no philosophseal notion of 
the laws which regulate the occasional variation 
in the specific form of animals ; much less of 
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the limits of that variation : for the accurate de- 
velopement of which, the scientific world, and 
more than the scientific world, are deeply in- 
debted to the sldlful researches and correct 
reasonings of Cuvier ; whose fame will rest se- 
curely on this natural and imperishable basis, 
when his own and all other artificial systems of 
classification, for artificial we can see them to 
be even in the present state of our knowledge, 
will probably have been overturned by the force 
of those new views of nature, which must neces- 
sarily result from the contemplation of the nu- 
merous and varied phenomena which are ra- 
pidly accumulating in this departm^at of know- 
ledge. The field, indeed, in which Cuvier has 
laboured, with such advantage to science as 
well as hcmour to himself, is the investigation of 
the conditions which accompany the develope- 
ment of individual and specific form : and the 
result of his labours has afforded a splendid in- 
stance of the wonderful effect which the powers 
of the human mind are capable of producing, in 
a subject apparently of the least intrinsic in- 
terest and of the most unpromising aspect. The 
explanation of his views which I shall now at- 
tempt to offer, while it may tend to make known 
the particular merits of this philosopher to a 
class of readers, who at present are acquainted 
with Uttle more of him than his great name, will 
certainly accord with the general object of this 
treatise. 
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In the preliminary discourse of his worik ^i- 
titled '' Ossemens Fossiles/' he states that the 
great principle in the study of comparative ana- 
tomy is this — ^that in every animal the several 
par^ have such a mutual relation, both in form 
and function, that if any part were to undergo 
an alteration, in even a slight degree, it would 
be rendered incompatible with the rest ; so that 
if any part were to be changed, all the other 
parts must undergo a corresponding change: 
and thus any part, taken separately, is an in- 
dex of the character of all the rest. This law 
pf the co-relation of parts is indeed so defined, 
that even a portion of a bone may often serve 
to verify the species of the animal to which it 
belonged (p. xlv). 

We know how successfully Cuvier haa ap- 
plied the foregoing principle in establishing the 
true character of fossil species, of which the im- 
perfect remains, or fragments of remains, are 
both few and of rare occurrence. The perma- 
niency however of specific character does not 
hold in every part of the organization; and 
hence there is an occasional impediment to the 
application of the principle : but the variation 
never proceeds beyond certain limits ; and there- 
fore no more interferes, eventually, with the 
uniformity of the specific character of animals, 
than the periodical oscillations of the celes- 
tial bodies counteract the general regularity of 
their motions. 
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We are now therefore to consider the nature 
of the disturbing cause, if I may borrow that ex- 
pression for a moment, which occasionally in- 
terferes with the uniformity of specific character. 
And, with respect to specific forms, it may be re- 
marked, that, although it is to a certain extent 
true that all organized bodies have the power of 
producing beings resembling themselves, yet 
circumstances of temperature, and of quantity 
or quality of food, and other causes, have usually 
some influeitce in the developement of the body 
of each individual ; thereby producing some cor- 
responding variation in the form: and, conse- 
quently, the resemblance between the parent 
and o£fspring is never perfect. But — and this 
is a fact of the highest importance — there is no 
ground for believing that such variations pro- 
ceed beyond certain limits ; no ground therefore 
for believing that any of the above mentioned 
circumstances could have produced all the dif- 
ferences perceptible in organized bodies ; could 
have advanced for instance, by a gradual alter- 
ation of structure, a lower to a higher species. 
Experience, on the contrary, founded on an ex- 
amination of the records of remote antiquity, 
seems to shew that the limits of variation were 
ever the same that they are now. It appears 
for instance from the mummies of Egypt*", that 

^ Vid. Cuvier, Oss. Foss. i. Disc. Prelim, p. 75, 80. 
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the general form, and size, and proportions were 
the same three thousand years since, that diey 
are at present ; as well in various other animals 
as in man ; and in all physiological probability 
theref<»re were the same three thousand years 
before that period : so that we cannot refiise to 
admit, that certain forms have, without exceed- 
ing the limits above described, been perpetuated 
from the creation* 

From various circumstances, however, as has 
been abeady stated, the o£fspring never exactly 
resembles the parent ; and by the extension of 
those causes which occasion a difference of cha* 
racter, the variation from the conmion parent 
may possibly become so great, and so perma- 
nent in individuals of the same species, as to ex- 
ceed in some respects the difference observable 
in individuals of different species. Such ap- 
pears to be the fact, when, in the dog species, 
we compare the greyhound with the turnspit; 
or the Newfoundland-dog with the Blenheim 
spaniel : and yet, even in such instances, which 
perhaps may be considered as comprising the 
extreme limits of variation, the specific character 
is never so far obscured, but that a child who 
had been accustomed to see a variety of dogs, 
and also of other animals, would recognise the 
character of the d(^ in each individual of that 
species. 

It is true, indeed, that it would be difficult not 
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only for a child, but even for the most experi- 
enced observer, to define those characters by 
which the specific resemblance is recognised 
upon a transient view of the animal. Yet, al- 
though not obvious on a superficial examina- 
tion, nature has not left this point undefinable : 
for, in almost every instance, the form and 
number of the bones are so accurately pre- 
served, that, however the colour, or the size 
and the general form of the body may be al- 
tered, we have satisfactory criteria of the spe- 
cies in the points just mentioned. But, of all 
the constituent parts of the body, this obser- 
vaaon holds uL e,nioeoUy Jk ^pec .o 
the teeth: and in the case of quadrupeds, 
which principally constitute the highest class 
of the animal kingdom, and in which class 
alone any considerable d^ree of variation is 
likely to be observed, we have almost always 
a ready mode of judging of the identity of 
specific character by an examination of the 
teeth; for they in almost every instance have 
teeth, which are entirely wanting throughout 
the whole class of birds, and often in reptiles 
and in fish. 

In investigating the remote causes of specific 
variation, we find that domestication is the most 
general and extensive ; and that the effects are 
produced principally by the joint operation of 
the following means, namely, diet, general regi- 
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men, and the due selection of indiyiduals for the 
purpose of breeding ™. 

While animals exist in a state of nature, it 
does not appear that the circumstances in which 
they are placed give rise to much variation, 
even in their external and fugitive characters- 
A uniformity of size and colour is usually ob- 
servable in the several individuals of the same 
species ; as in the instances of the wild cat and 
rabbit. Nor is the character liable to be changed 
by intercourse among individuals of diflferent 
species. Although, for instance, the hare and 
rabbit are so nearly allied in form and size and 
colour, we never meet with a hybrid or mule oi 
those species. 

In domesticated species a variation first in 
colour, and then in size, usually takes place, to 
an extent proportional to the degree of domes- 
tication. Cats, which are less subjugated to 
man than horses or dogs, vary little more than 
in colour ; scarcely at all in size. And in horses^ 

>n Burckhardt observes^ in his notes on the Bedouins^ p- 111> 
and 139, that in barren parts of the desert of Arabia, or in sea- 
sons of scarcity, camels and sheep do not multiply so extensively 
as in fertile plains and seasons. A similar observation would 
probably hold good with respect to the ratio of increase among 
the Tchutzki and other tribes of north-eastern Russia, and the 
inhabitants of New Holland or any other part of the world 
where the supply of food is scanty. 

See, on this subject, a letter, published by sir John Sebright 
in 1809, on the art of improving the breeds of domestic animals. 
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on the same principle, there is a less degree of 
variation than in dogs. In the dog, which is of 
all species the most domesticated, the variation 
extends to the production of an additional toe, 
and corresponding metatarsal bone in the hind 
foot ■*. And in the human species, in the indi- 
viduals of which, from their varied intercourse 
and modes of living, the limits of variation may 
antecedently be expected to have the widest 
range, there are families having six fingers. 

In concluding this part of the subject, I 
would observe that the principle, which we have 
just now been examining, is of very great im- 
portance as the basis of a physiological argu- 
ment with reference to the identity of the hu- 
man species throughout the world. For, inas- 
much as all the variations in colour, form, and 
size, of the different nations of mankind, come 
within the acknowledged limits of specific va- 
riation in the animal kingdom, we have hence 
satisfactory physiological proof that all the va- 
rieties of the human race may have proceeded 
from one common parent. Of the truth of the 
general position indeed, of which the human 
species is a particular instance, the work of 
Aristotle now under consideration is in itself a 
strong argument : for, notwithstanding the lapse 
of ages wliich has taken place since it was writ- 
ten, the description of many species is so accu- 

1^ Ann. du Mus. torn, xviii. p. 342. pi. 19. 
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rate, as to leave no doubt of the identity of those 
described by Aristotle with those to which the 
description is applicable at the present day ^. 

SECT. IV. 
On those Ammal Forms called Monsters, or Ltisus NcUurce. 

The subject of the present section is naturally 
connected with that of the latter part of the pre- 
ceding: and, although the occasion neither re- 
quires nor would justify even a brief examination 
of the laws which regulate the formation of mon- 
sters, or h^sus TuituriBy as they are often called, 
especially as they have been lately illustrated 
by that ardent French physiologist Geoflfroy St. 

^ It can hardly esoape observation^ or fiail to excite surprise, 
that in the work now under consideration^ Aristotle usually 
contents himself with stating facts : he very rarely reasons on 
their final causes ; thus omitting what Cuvier calls one of the 
most beautiful and useful points in natural history. The follow- 
ing are^ I believe^ the only instances in which he deviates from 
mere description. He observes^ when speaking of fish^ that a 
great proportion of the spawn of those animals is destroyed in 
various wa3n9 ; and that if this were not the case the species 
would become too numerous. (T^ fih voXkh ^ ol ippev€s dpa- 
Kourrovaif rh ^ mroKXvnu iv r^ vyp^* Baa d' taf imKwriv cis tov$ 
r6vovs €ls o^ff €KTiKTov(n, ravra crajfcroi' ct yap iravta itr&S^o, TrofiTrXti' 
Bis hv t6 yepos fjv €Kaariov, p. 169.) On another occasion he ob- 
serves^ that though the spring is the general seascm for propaga- 
tion^ yet occasionally the rule is set aside ; wfaere^ for ii^tanoe^ 
the preservation of the offspring is the result. ('Opfu/ruccarara ^Ib 
oZv o>s €ir\ t6 Trap eijrdp 7rp6s rrfv 6\€iay t^p iapip^p Spav coriv* ov fi^v 
rh TrdPTa ye Troieirai t6p air6v Kcupbv rrjg 6j(€ias, oKKh vp6s r^v ^itrpo- 
<f>^p T&p T€KPti>p ip roHs KoSfiKOva-i KOipoig* p. 181.) 
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Hilaire ; it will not be perhaps considered im- 
pertinent to make a few observations on thc^e 
remarkable productions, considered with respect 
to One of the probable final causes of their ex- 
istence. 

The term lusns natune is applied to those na- 
tural productions, which vary in any remarkable 
degree, with respect to form, colour, structure, 
size, &c. from the general character of the indi- 
viduals of the same species. The term literally 
taken, implies a sportive effort of the creative 
power of Nature ; and for the purpose of gene- 
ral description there is no objection to this term, 
being, as it now is, familiarized by long con- 
tinued use. But as we have no ground for sup- 
posing that nature, or, to use the more proper 
expression, that the providence of the Creator 
ever acts without some wise and beneficent pur- 
pose, we must consider the term in a philoso- 
phical point of view, as expressing an effect, of 
the natural cause of which we are ignorant. 

What, then, is the real character of those un- 
usual productions which are denominated lusus 
natnriBy or monsters ; or, in other words, for what 
end has Providence ordained that such produc- 
tions should be formed and subjected to our 
observation? And here, as has been observed 
in another part of this treatise, it will be found, 
upon even a cursory examination, that in a Insus 
rmturce the character of the species, however 
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obscured, is never lost. There is no ground, in 
short, for supposing that nature has ever pro- 
duced such an individual as a chimera or cen- 
taur. And Lucretius's scepticism in this point 
is justified on truly philosophical principles ; on 
the difference namely of the physical constitu- 
tion of the horse and of man : the horse at the 
end of his third year being full-grown, while 
man is yet almost an infant; and the horse 
being decrepit in his twenty-fifth or thirtieth 
year, when man is in his full vigour^. 

In pursuing this investigation, it would be ob- 
vious to ask, what are the limits which separate 
a lusus naturae from the ordinary individuals of 
the same species? and we shall soon find that 
these limits are, in the majority of instances, un- 
definable. 

If, indeed, in comparing the several organs, 
agreement with respect to number be the crite- 
rion, the limits are for the most part fixed. 
Thus the human hand so very generally con- 
sists of five fingers, that an instance of an indi- 
vidual having more or less than five fingers 
would be justly esteemed an instance of a liuus 
naturae. But even number is not always an ac- 

P Sed neque Centauri fuerunt, neque tempore in uUo 
Esse queat duplici natura^ et corpore biuo 
Ex alienigenis membris compacta potestas — 
Principio, circum tribus actis impiger annis 

Floret equus^ puer haudquaquam^ &c. 

Lib. V. 876-^889. 
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kiicrwledged) ciiteriim ; for, -mth respect to the 
teeth, dioti^ thirty-two ia the usual number in 
ttie human subjtet, yet th^ instances of perebns 
having only twenty-eight are so frequent, that 
we can scarc^ class them as deriations feom 
the common la^. 

But if size, or colour, or form be made the 
criterion, we evidently cannot then fix the limits; 
for in all these points thwe is ait endless variety 
1^ individuate ai the same species : so that it 
might perhaps be truly asserted, that out of the 
countless myriads of human beings that inhabit 
the earth, nay even out of all that have existed 
smce the creation, no two individuals would be 
fimnd to resemble each other, exactly, in even 
any one of those points. And in this wonderful 
diversity the infinite pow» of the Deity is dis- 
tinctly manifested : for, in the exa*cise of human 
skill, the most accomplished artist, as soon as 
h|^ ceases to copy an actual individual, falls 
ifirto that general similarity of outline by which 
we ap^e enabled to ascertain his style upon the 
&r8|* view. 

: : i^ m the pursuit of our inquiry, we appeal to 
the distribution of the internal organs of the 
body, we shall find, that though with respect to 
many the position is determinable with con- 
siderable precision, yet with respect to others, 
the ssaaller veins and arteries, for instance, the 
variation is endless. But — and this most highly 

z 
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deserves our attention — ^if we consider the uses 
of the parts with reference to the precision of 
their position, we shall find, that the position of 
those is most constant, the uses of which are 
most important ; while the distribution of those 
parts, the position of which may differ to a con- 
siderable extent without inconvenience to the 
individual, is found to be continually varying. 

Now as this law of deviation from the usual 
structure does not seem at all to depend on the 
construction of the parts themselves; and as 
the result is necessarily connected with the wdl- 
being, and even the life, possibly, of the indivi- 
dual ; we cannot consider this result as the ef- 
fect of chance, or want of design : for, if chance 
coidd be admissible as the cause, why should 
one class of phenomena be so much more fre- 
quent than the other? And with equal or still 
greater force we may apply the argument to 
the existence of those productions emphatically 
called monsters. Probably then, or rather as- 
suredly, these anomalous productions may, in 
addition to other ends, be considered as proofe 
of a particular or constantly superintending 
Providence; and, like the storms which occa- 
sionally ravage the surface of the earth, may 
awfully recall to our minds the power of the 
Deity, while they at the same time convince us^ 
by the rarity of their occurrence, of the merci- 
ful beneficence of his nature. 
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CHAP. XI. 
Conclusion. 

IT has been the immediate object of the pre- 
ceding treatise to demonstrate the adaptation of 
Ae external world to the physical condition of 
man : and, either in considering him merely as 
an individual, or as a component member of 
any stage of society, it may be freely admitted 
that every step in the investigation has tended 
to confirm this general conclusion, that — ^whether* 
from chance, (if any philosophical mind acknow- 
ledge the existence of such an agent as chance,) 
Or from deliberate design — a mutual harmony 
does really exist between the corporeal powers 
and intellectual faculties of man, and the pro- 
perties of the various forms of matter which 
surround him ; the material constituents of all 
nature being as evidently adapted to the supply 
erf the wants of his body, as the contemplation 
of their causes and relations to the exercise of 
his mind. 

We have seen that from the surrounding 
atmosphere he is constantly supplied with that 
respirable part of the air, which alone can sup- 
port the breath of life ; and which is demanded 
for that purpose during almost every moment of 
his existence. We have seen that from the same 
source are derived those universal and important 
agents, water and heat and light, which are 

z2 
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equally though not so immediately necessary, as 
air, to the wants of man. We have seen again, 
that the mineral kingdom, though it does not 
directly contribute to the support of life, yet in 
the form of natursj soils sustains tbe growth <^ 
every kind of vegetable; and that on the wi- 
triment derived from this source all animal Mh 
ess^itially depends: we have seen tliat the 
same source also supplies those various m^taHk 
and earthy bodies, the uses of which are mmt 
extensive aad important in promotiiig mimy^ 
the arts of civilised soci^y. And, lastly, tiit«il 
the advantages derivable from th^ v€g^;atdd 
and animal l^ingdoms are,; ev^tually, neithet 
cf less extent and importance^ nor their ads^ptoi- 
tion to the physical condition of man less ojbr 
vious, than those of the minerals and atwo* 
pAierical. 

It would have beei^ easy to , d^aongtrate tbi^ 
an equally obvious but infinitely more im{¥>r|- 
ant harmony exists betvf^n the^ external inf^ld^ 
and the moral condition of man, as, betwe^ii 
that world, ^d his physic^ condiU:i<»]t : but this 
province h^ been assigned to others; and all 
systematic reference to that harmony has tibei^- 
fore been studiously avoidgd-^thiough the con- 
a^ntly recurring difficulty ha$» been to abi^:ain 
f;rom suc^ a demonstration). 

But, it may possibly be obsetved, both the 
physical and. motal rdatioi]^ of man are ii^ 
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^esritabLy seon. cut short by death : and thotrgh, 
in many instances, societies continue to be bene- 
fited through SQecessive ages m consequence of 
the.efBorts o( mdividiials, idio have long since 
',0€^Mied . ta Hve, yet in many instances, on the 
othior haiid, the * memorial not only of indiyiduals, 
jbut of natiens also, entirely perishes; and all 
things- ajyparentiy proceed, as if tho^ indivi- 
duals and nations had uBver existed. 
' Shall we then, in concluding this treatise, 
simply admit the existence of that harmony, 
tibce iUusftralion of which was its professed ob- 
ject; and in: aiknitting that existence shall we 
at the saiae time express our gratitude to that 
Power, which has Idius amply provided for the 
pbysteal wants of man, and for the develope- 
mm:^ . of his i intellectual £a€ulties ? That indeed 
would . hdvd been incumbent <m us under atiy 
circumstances; awl .without any qualification 
arimg from; the partial occurrence ^ther of 
disease, or faaniiie, ot any other fbrm of physical 
evilw 

But, since theyy to wtom this treatise is ad- 
diiessed^ are conscious that some ulterior cause 
existB for the adaptation of the external world 
to the nature *of man, beyond the transient sup- 
ply of his physical wants, or even the exercise 
of; hia intdleotual faculties ; t^ have exhibited 
the beare hfft of that adaptation, without soMe 
yefarerifle to its final cause, w^uld have been to 

z3 
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leave the whole argument without its just ori^ 
elusion. 

Avoiding however the presumption of speca* 
lating on the nature of a future state of exist* 
ence, we may, without any impropriety, assert, 
on the a«U.«ri.y of r.,eliion,%to. Z happi- 
De» or misery of that state will depend much 
on the use we have made of that external world 
which sulTounds us ; and will coincide with the 
prevailing character of those habits which we 
have contracted in this life. 

This then is the sum of the whole argument. 
The Creator has so adapted the external world to 
the moral as well bs the physical condition of 
man, and those two conditions act so constandy 
and reciprocally on each other, that in a compre- 
hensive view of the relation between the exter* 
nal world and man, we cannot easily lose sight 
of that most important connexion. And, if we 
extend our views to a future life, we are taught 
that the moral state, which has been induced by 
our prevailing animal or intellectual habits in 
this life, will be continued and perpetuated eter- 
nally in the next — " that in the place where the 
" tree falleth, there it shall be" — ^that " it is ap- 
" pointed imto men once to die ; but after thfe, 
" the judgment." 

Have we then, to refer first to our animal 
wants and desires, have we indulged without 
restraint in the pleasures of sense; shrinking 
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fitHB erery breath of heaven, unless previously 
tempered with luxurious warmth, and impreg- 
nated with the perfumes of the east ? Have we 
weakened our intellectual faculties, and brutal- 
ized our moral feelings, by habitual inebriation ; 
abusing that gift of Heaven, which was intended 
as a restoration of exhausted nature ? Instead of 
simply satisfying the calls of hunger by plain 
and moderate diet, have we provoked and pam- 
pered the appetite by all the luxuries which 
the animal and vegetable kingdoms can supply, 
till at length all appetite has been destroyed ; 
pain and disease have been induced ; the human 
form and feature have been lost under a mass of 
loathsomeness and corruption ; and death, long 
wished for, yet dreaded, has arrived at last? 
we shall awake hereafter in another world, but 
in unaltered misery; without thfe hope of any 
second offer of release from the impurity and 
everlasting punishment of sin. 

Or, to refer to the intellectual part of our na- 
ture, in contemplating for instance the starry 
firmament, and in calculating the unerring mo- 
tions of the heavenly bodies, have we been con- 
tent to characterise the certainty and r^ularity 
of those motions as the result of necessity, or of 
the la»ws of an undefined agent called nature? 
And in thus failing to acknowledge explicitly 
the Author of those laws, though not indeed 
formally denying his existence, have we, like 

z4 



S44 CONCIiU8I0N. 

the nations of old, ivmfghippbd the !9featDi0, 
ratiber than the Creator ; md bovTed do^P^ oa? 
knee, as it ware, to the host of heaven? — w^ 
may in that case hereafter st^er the p^^ialty d 
onr inteUeciual piide, in ^ mode sev^ely just; 
The mmd, which in this life failed to ex0rci$€f 
its fai^iest fancticms by Adoring ^he D^ty i^ 
the contemplation of his i^Torks, Iniay be for- 
bidden to extend the exercise of those ftmction^ 
in the next ; ahd, while it looks back with un- 
utterable torment to the forfdted pleasures M 
its fbrmar state, may be condemned, with tor^^ 
ment infinitely increased^ to expatiate eternally 
difoagh new fields of knowled^, without ^ 
capabdhty of even putting the; sickle U> th$ 
boundless harvest which th^ present. 

But if, happily, we have piufsued a wiser 
course; if, wkh Newton, we have delated t0 
deduce from the ccmt^nfiation of the mechan- 
ism of the heavenly bodies the p^er of Him 
who made them, and who alone siistalns and 
directs their motions ; we xnay, and with facul- 
ties infinitely expanded, cultivate with him the 
same pure pleasulres, which even on eairth ab«- 
stracted his desires from earthly wants.; and, 
^raptured with the harmonious iiiiov^m«its c^ 
those encUess systems, i^i^h neither i^ur jHf^ 
sent organs can see, nw ourHptesent faculties 
apprdbietad, we may continue to be oon^^tntly 
acquiring new knowledge,: ccmst^iutly abB<Hrbed 
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in new wonder and adoration of that Power, from 
whom, both in this world, and in that which is 
to come, all knowledge, and every other good and 
perfect gift are alone derived. 
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JtlAVING considered in the preceding pages the general 
opinions of Aristotle respecting the physiology and classifi- 
cation of animals, I propose in this Appendix to make 
a selection from his descriptions of some natural groups 
and individual species of animals, for the purpose of com- 
paring th^fn with the corresponding descriptions of Cuvier ; 
confining myself, however, exclusively to the mammalia, 
which constitute the first class of vertebrated animals. 
And, as an introduction to that selection, I shall prefix a 
comparative view of the observations of the same two au- 
thors on some points connected with the general physi- 
ology of animals; presenting the whole in the form of 
two parallel columns, as the most convenient mode of ex- 
hibiting the comparison. In each column I shall endea- 
vour to give a free but faithful translation of the ori^nal 
passages, followed by the original passages themselves^. 

However extensive may have been the information of the 
ancients in that department of natural science which is now 
under consideration ; and however capable a mind like that 
of Aristotle must have been of deducing general conclusions 
from a systematic examination of facts, sufiiciently numerous 
and various, for the purpose of effecting a natural classifica- 
tion of animals, it could not reasonably be expected that, 
antecedently to the knowledge of the circulation of the 
blood, and of the true character of respiration, and also of 

* In order to abridge as ^uch as possible the number and length of the ex- 
tracts, I have occasionally merely stated a conclusion drawn from several se- 
parate paragraphs. In such instances I must daim credit for having rightly 
understood, and fairly represented, the context. 
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the physiology of the absorbent and nervous systems^ a na- 
tural classification could have been accomplished on prin- 
ciples so satisfactory as at the present day. And those in- 
dividuals pay a very absurd homage to antiquity, who^ on 
occasions like the present, would place the pretensions of 
the ancients upon an equality with those of the modems : 
for the question does not regard the original powers of the 
mind, but the amount of accumulated knowledge on which 
those powers are to be exercised ; and it would indeed be 
extraordinary, if, inverting the analogy of individuals, the 
world should not be wiser in its old age^ than it was in its 
infancy. 

In comparing, then, the zoology of Aristotle with that of 
the modems, it has not been my intention to prove that th^ 
classification of the one is built upon equally clear and exten- 
Mve demonstrations as that of the other ; bu^ to shew, a» in 
harmony with the general obgeet of this treatise, that, even 
in the very dawn of science, there is frequently sufficient light 
to guide the mind to at least an approximation to the truth 
^-to a much nearer approximation, indeed, than could have 
been antecedently expected by those who are not accustomed 
to reflect philosophically on the uniformity of the laws of 
nature. Thus, as has been already mentioned, the advance- 
ment of sdence has shewn the existence of such a genem^ 
coinddence and harmony of relation betwe^i the several 
component parts of an individual animal, that even a 
partial acquaintance with the details of its st^ructure wffl 
frequently enable, the inqmrer to ascertain its true place 
in the scale of oi^oization. And hence^ although Ari- 
stotle knew nothing of the circulatiiatn of the blood, or of die 
general phynology of the nervous system, and even compa- 
ratively little of the osteology of animals, yet subsequent 
diseoveries have scarcely disturbed the order of hts arrange- 
ment. He placed the whale^ for instance, in the same na- 
tural division with common quadrupeds, because he saw 
that like them it is viviparous, and suckles its young, and 
respires by lungs and not by ^lls; and with viviparous 
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quadrupeds it is slill classed : the circulation of its blood, 
as well as the arrangement of its nervous sjrstem, being es^ 
sentially the same as in that class of animals. And, not- 
withstanding the difference of its form, its osteology, whidi 
holds an analogy throughout with that of quadrupeds^ is 
the same a<:tuaUy in a part where it would be least expected: 
for, with the remarkable exception of the sloth, all vivipa- 
rous quadrupeds have exactly seven cervical vertebrae, and 
so has the whale; whereas fish, to the general form of 
which the whale closely approximates, having no neck, have 
no cervical vertebrae ; and the deficiency of the neck in fish 
was recognised by Aristotle ^, 

GENERAL PHYSIOLOGY. 



Aristotle. 

In some animals there is a 
mutual resemblance in all their 
parts; as the eye of any one 
man resembles the eye of every 
other man : and it is the same 
with respect to the constituent 
parts of horses, or of any other 
animals, which are said to be 
of the same species : for in in-» 
dividuals^ of tlie same species 
eadi part resembles its corre* 
spafident part as much as tiie 
whole resembles the whole. 

^E;^ dc TWf (f^v thfUL fih vdvra 
rk f»6pia rairriL oKkrikoit, €ina d* 
fr€pa, raxTrb. d( rii fiep eldct r&v 

kpi otjidc^fi^ at^omrov ptvl itai 
o^akfi^ Kcu aapki <rhp^ koX o<rr^ 
ooTovv t6p avrhv be rp^fwov Kok 
hnrov Koi rap SXktgp (c^v, o<ra r^ 
etdci rain-a Xryo/icv iavrois* SfioUts 



Cuvier, torn. I. 
Every organized body has 
its peculiar form ; not only ge- 
nerally and extmdtly, but even 
in the detail of the structure 
of each of its parts; and all 
tiie individuds idiich ^^ in 
the 40tafl of ^eir structure 
are of the sluiie spedes. 



Chaque corps oi^anise a une 
forme propre, noiK-seul^neni 
en g^n^ral et a Text^rieur, mais 
jnaque dans le detail de la 
structure de chaoune de ses 
parties, p. 16. et tous les etres 
appmrtenans a Tune de ces 
formes constituent ce que Von. 
appelle une esp^. p. 19. 
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Ariikdle. 
wp6t haoTOP. p. ] . 



Cuvier, torn. I. 



All' animals have certain 
common organs^ by means of 
some of which they lay hold 
of, and into others of which 
they convey, their food. The 
organ by which they lay hold 
of their food is called the 
mouth ; that, into which they 
convey it^ the stomach: but 
the other parts are called by 
various names. The form and 
relative jvoportions^ structure, 
and position of these parts, are 
the same in the same species, 
but vary in different species of 
animals. 

fi6puL^ f hixrrai rifP Tpo<f>ffv Koi 
tls t dfxtrai*— KoXciTOi y j 

;(crai, KotX/a* r6 dc \oiv6p fro- 
\v&wfA6p coTiv.^Tavra d* cVrrl 
ravrh koI h-€pa Karb. roifs tlpfj^ 
fi€VOVs Tp6rrovs, tj tear €Viog tj Koff 
vfrepox^lP ^ K€tr* iivakcyiaif fj t§ 
$4<rtt fka(f}€popra, p. 6. 



In addition to the mouth 
and stomach, most ahimals 
have other common parts by 
which they exclude the refuse 
of their food: but in some ani. 
mals these parts are wanting. 

Mrrh dc ravra cKXXa KOtvh fJL6pia 



The leading character of 
animals is derived from the 
existence o£ a reservoir for 
their food, that is, an intesti- 
nal canal, the organization of 
which varies according to cir. 
cumstances. 



De la (le r^rvoir d'ali- 
mens) d^ve le premier carac- 
t^re des animaux, ou leur ca- 
vite intestinale. — L'organisa- 
tion de cette cavite et de ses ap- 
partenances a du varier selon la 
nature des alimens. p. 21, 22. 



The lowest animals have no 
other outlet for the refuse of 
their food, than that by which 
they admit the food itself. 



II n'y a que les demiers des 
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Aristotle. 
?;i^ct rh irXcZbra r&v {/jfnov wp6s 
TovTois, J7 aif>iff<ri t6 vfplrrtifM 
rijs Tpo<fnjg-'-~ov yhp iraxrip virdp^ 
Xfi rovro, p. 6. 



There are fibres of a peculiar 
kind in the blood ; by the re- 
moval of which that fluid is 
prevented from coagulating : 
but if they are not removed, it 
does coagulate. And through 
defect of these fibres the blood 
of the deer and of some other 
animals does not coagulate. 

. ""EoTi dc jcai ^(XXo ytvos iv&v, t 
yiverm fitv iv tufiari* — £u i^cupov- 
ftcycor €Ve rov alfjutros ov irrfyyvrm t6 
alfui, icof dc fi^ e^aip^Bwri, frrfy^v- 
roi. p. 64. 'Ev fuy odp r^ r&v frXet- 
OTttv (Ufjutri df^v tvcurufy iv dc r^ 
T^ iXaxpov Koi irpoKibs jcou povfia- 
X/dof Kat aKXap tiv&p ovk tvcuriv 
Lf€s' dih Koi ov irrffwrai, avrav r6 
alfia 6fju)i&g roig SKkoig, dKkii t6 
fuy T&v eXa^v vapasrkrjo'ws r^ 
r6v daaw6d»p ^, p« S5, 



Cuvier, tern. I. 
animaux ou lea excremens res- 
sortent par la bouche, et dont 
rintestin ait la forme d'un sac 
sans issue, p. 41. 



The blood contains a prin- 
ciple called JU)rtne ; which, 
within a short time after the 
blood has been withdrawn from 
the body, manifests itself in 
the form of membranes or fila- 
ments. 



(Le fluide nourricier, ou le 
sang) — contient la fibrine et 
la gelatine presque toutes dis- 
posees a se contracter et a 
prendre les formes de mem- 
branes ou de filamens qui leur 
sont propres, du moins suffit-il 
d'un peu de repos pour qu'elles 
s'y manifestent. p. 27. 



The particular senses are The most general external 

five in number, sight, hearing, sense is that of touch ; its seat 
smell, taste, and ^uch. Of is the surface of the whole 



« It is deserving of nodoe, that the animftls whose blood is said not to coa- 
gulate are sudi as are usually kUled in hunting ; and it is understood by phy- 
sicdogists in general, that excessive exercise and violent mental emotions, both 
which occur in hunted animals, prevent the blood from coagulating. Two of 
the species here mentioned by Aristotle (^'f*? and ^Kvu^rwi or Xuytth) are 
mentioned by Homer as commonly hunted : 

Kiyms W ity^Ti^att ^ ^r^ixaty ^^ Xetyitut, OdYSS. P. 295. 
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ArUtaik. 
these the sense ci Umtik i» 
al<me oommcm to all animals ; 
and is so generaUy diffused 
over the whole body, that it is 
not said to reside in any spe- 
cific part. Ail animals do not 
possess all the senses; some 
possess only a part of them* 
But no animal is without the 
fifth sense^ that of toudi. 

Ela\ d' al (alcBri^fis) irXturrm, 
«a|i vap* hs ovd€fiia ffxuperai, Vko9 
MpOf YTcvrc r6p dpi$ii6pf ^'^^9 
^orf, tiaxfiprfais, yrvcriff, o/^^, p. 
100. Uaai dc rclts (<foir aMtfo-is 
ftia vwdpxii Kou^ fiSmf 17 a^, 
Sort Koi €v ^ avrtf ^topU^ yiV€v6i» 
w44)VK€P, iaf&wiu&if iirTW, p. 7* 
Ot; yhp 6fiol»£ ncutrw virapxovaw 
(jal<r6ff<r€ii), aXX^ rois fitv woitm 
Tois y cXoTTOuj. p. 100. Trpf dc 
wifiimiv tutrBtfO'ip rffv aff>^ KtiKoth- 
§Utnfv — irdvr ^€i f^. p. 101. 



All animals which draw in 
and breathe out the air have 
lungs. Those animals which 
employ water^ analogously to 
air^ iu respiraticm^ have gills* 

"OXms dc fi^ofra 6ira ritp cupa 

fyti wptvfiomu p. 43. T^ fUp oZp 
ipdkoyop r§ apcmpo^ •)(p&yunHi r^ 
vyp^ fipayx'M ^x^i. p. 215. 



Animals in general appear 
to have a certain degree of in- 
tellectual power^ and some are 



Cuvier, torn. I. 
bdfd)r. Many anknals are wMi- 
e«t the sense of hearing, and 
of smelly and of sights Some 
have none of the senses exc^t 
that of touchy which is never 
wanting. 



Le sens exterieur le plus ge- 
neral est le toucher ; son si^ge 
est a Itf peau^ membrane enve- 
loppant le corps entier. p. 3&. 
Beaiioottp d'animaux man- 
qn^it d'oreilles et de nariaes; 
plufiieurs d'yenx ; il y en a qui 
soBt reduits au tcmcher^ le<pi^ 
ne manque jamais, p. 37- 



Whffli Uie element subser- 
vient to the process of re^ira- 
tion is the air^ the organ of re- 
spirati<m is the lungs: when 
wat^> the gills. 

Quand set Element est ds 
I'air^ la surfeu^ est creuse, et 
se nomme poumon; quand c'est 
de I'eaUj elle est saillante^ et 
s'appelle branchie, p. 43. 



Even the most perfect ani- 
mals are infinitely inferior to 
man in the intellectual feunil- 
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capable of ins^uctdon. Some 
animals are cautious ; scmie 
are cunning. Man alone is 
capable of meditation and re- 
flecticm. Many animals pos- 
sess memory : no animal but 
man is capable of recollection. 



V ^ahoprai yhp (tA f^) ^ovrd 
rira dvvtifup-^^nepi re <l>p6vrf<ruf 
Ktd €Wi$€ia» — tvuL de KOivtap^l nvbs 
iiui /col fiaBria-ems Koi didaa-fca- 
XicK. p. 251. Th fUv <l>p6vifjLa — 
rA d* cir//3ovXa*—- BovXci/ruc^y de 
yu&ifov Saf6pixm6s itm t&p {<^v, 
KM fivrifjffis luv Koi Ma)^£ voXkcL 
Kogf»y€i, apofUfutrfO'ictaBM dc ovdev 
Skko bvporai irX^v SvBpwiroi, p. 6. 



. In tbe greater number of 
animals there are traces of tbe 
moral affections of man; for 
some are mild and some are 
fierce. And tbe same thing 
may be very readily discerned 
in dhildren, for in tbem we 



Cuvier, tom. I. 
ties ; although it is certain that 
their intelligence performs si- 
milar operations to those of the 
human mind: and they are ca- 
pable of instruction. Man has 
the faculty of associating his 
general ideas with particular 
images of a more or less arbi- 
trary «character^ but easily im- 
printed in his memory, which 
serve to recall to him the ge- 
neral ideas which they repre- 
sent. 

Les animaux les plus par- 
faits sont infiniment au-dessous 
de Thomme pour les facultes 
intellectuelles, et il est cepen- 
dant certain que leur intelli- 
gence execute des operations 
du meme genre — ^ils acquie- 
rent par Texperience une cer- 
taine connaissance des choses. 
p. 51, 52. L'homme a la 
faculte d'associer ses idees ge- 
nerales a des images particu- 
lieres et plus ou moins arbi- 
traires, aisees a graver dans la 
memoire, et qui lui servent a 
ri^peler les idees generales 
qu'elles representent. p. 50. 



Animals are susceptible of 
emulation, and jealousy, &c. 
In short, we may observe in 
the higher animals a certain 
degree of the reasoning faculty, 
which appears nearly the same 
with that of infants before 

A a 
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fluy peroeiye the genns of 
tiMdr future habits; and m- 
deed the dispositums of hanian 
bdnga at that early period of 
hie do not difier horn, thoee 
of the inferior animals. 

*Bpcim T^kp ^ txus wXtiarott 
Mol tw SXXmif CftHf txi^ tw 
ircpl r^ ^X^ rpAwtm, imp hfi 
rm¥ mfBpSwmp Zxn i^awtpmrifms 
rhs hut4>op&^ p. 212. T^ fMT 
yAp itrri vpiao'-'^h dc BvfUt^. p. 
6. 4>aycp^rarov d* cart r^ riMov* 
rov cirl rfjp r&v waidmp ^Xuccoy 
fDUyjfatrW €v tovtok yhp tw fior 
ZoTtpop t^mf ftrofUvrnp Zmtp IdA 
•topt^ laa awipfutra, ^tatl>4p€t 
^ ov&h &t €lv€tp 4 in/x*! ^' *^ 
StfpUtP ^jnfjfis Karhrim xp^n^oif rov- 
TOP. p. 212. 



As man possesses oontrir- 
anoe, and ^(risdom^ and com- 
prehension j so some animals 
possess a e^tain natural power, 
which, diongh not the same as, 
in siHne re6|>ectB resembles, 
tiiose faculties. 

'iks ykp €P icpBp^t^ ^^X^ '^ 
axxf^ia leal . avpta-is, ovrwr tpiois 
r&p {(f^p iari ris rripa rotavrrj 
^vone^ dvpofuf. p. 212. 



All animals which hare red 
blobd have a spine or back- 
bone: but the other parts of 
the bony system are wanting 



Cuvier, toBu I. 
thi^ have aoquired the pow«r 
of apeedk 



lis acmt susceptibles d' emur 
lation et de jalousie — en un 
mot, on aper9oit dans les ani- 
maux superieurs un certain 
d^re de raisonnement avec 
tons ses effets bons et mauvais, 
et qui parait etre a pen pres le 
meme que celui des en&ns 
lorsqu'ik n'ont pas encore i^^ 
pris a parier. p. ^. 



In a great nuinbtf of animaJa 
there exists a'iacidty, diffiereat 
from intelligaice, which is 
called itt^incL 



U existe dans un grand 
nombre d'animaux une fetcult^ 
differente de Tintelligence ; 
c'est celle qu'on nomme tn- 
siincU p. 53. 



The first general division of 
animals includes all those whick. 
have a spine or badc-bone ooo. 
sisting of separate portions 
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ArisUfUe, 
in sosne spedes^ «td present in 
others. The spine is the bi»e 
or origin of the bony system : 
it is composed of vertebrae, 
which are all perforated ; and 
extends from the head to the 
hips : And the araniom is a con- 
tinnaticm of its upper or ante- 
rior extremity* 



Harra dc rk (^ 6a-a eiKUfid 
i^TtP, ?x« pax«v — rit d* SKka fi6' 
put rmf ooT&v iviois fUv iarw, 
hfiois ?f ovK taruf, p. 66. 'Apx^ 
%€ fi pdxt9 ccrrtf tv watri To*f ^Xpv^ 
9w wrra, ovyKevrcu d* ^ po.x^'S «c 
offiopdvktip, r€lp€i ^ oiri Tfjs jr«- 

oSp ir<p6p^\oi wams rerpfffUpoi 
dcrtr, Stm ^ tA rrjs Kt<f>dKiji darovp 
(Tvprxh efTTi rots ifrj(6roii ar^^ 
dvkois, t xaXctroi Kpaviov, p. ^, 



Cumer, torn. I. 
ealled vertebm. The animds 
iii this diyisicm are called ver' 
iebraied. They have qUl of 
them red blood : their body is 
composed of a head^ trunk, and 
members: the spine, which is 
composed of vartebrae, having 
each an annular perforation, 
and moveable <hi each other^ 
commences at its upper or 'an. 
terior extremity £rom tiie head; 
the lower or posterior extre. 
mity usually terminating in a 
tail. 

Dans la prauiere de ces 
fwmes [g^nersdes] , <}ui est celle 
de Thomme et des animaux qui 
lai i^ssemblent le plus, le cer* 
veav, ^. sont renfermes dans 
line aivelpppe osseuse, qui se 
compose dii crane et des vert^ 
bres. p. 57. Nous appeler<ms 
leg aaimaux de oette forme 
les ammatui veriibrSs* p. 58. 
Leur sang est toujours rouge, 
p. 63. Leur c(«ps se compose 
toujmirs de la tdte,. du tronc 
et des m^mbres. L'^ne est 
Gomposee de v^rtebres mobiles 
les unes sur les aul^es, d(mt 
la premiere porte la t^te, et 
qui out toutes une partie an- 
nulaire. p. ^, 63. Le plus 
souvent Tepine se prolonge en 
une queue, p. 63. 



Red-Hooded animals when 
in their perfect state have 



Their extremities never ex- 
ceed two pair in number; 
Aa2 
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APPXKIMX. 



ArUtoile. 
either no extranities, or thej 
hare one or two pair. Thoee 
Miimalg which hare nuHre than 
two pair are not red-blood* 
ed. 

In some animals the corre- 
sponding limbs are different in 
£oftm, but analogous in use. 
Thus the anterior extremities 
of birds are neither hands nor 
feet, but wings. Fish have no 
limbs^ but appendages, called 
fins, commonly four in number, 
sometimes two. 

Tk fUv hfoifia rvyxAP€i livra — 
lica fj Swodd coTt rik€a Hvra (Snovw 

rmw Sif)€9iv yofos, p. 10.) fj d/iroda 
tf T€Tp6woda, rk d* AfoifUf^-'wdpit 
Sea vKmIovs ir6d<is tfxfi rrrrapciv, 
p. 7* '^io. dc r«»r (tfmv oCr€ tUkt 
rk fi6pia Tmrrk ?x^t oiht Koff vtrfp- 
o^^ jcal ^XXci^ty, oKkk kot 
oMoKoylai^, p. 2. Xfipat d* old* 
fln^doff irp9<r6lov£ ?x^4 (ol SpviBts), 
ikkk wTfpvyat Vkov irpbf rk SXXa 
C^, p. 38. Av^cya y oidtls ^x^i 
Ix^ff o^ K&Xov tABkv—'dbiov d* 
^(owr*— tA nrepvyta, ol fuv frXci- 
ortH rirrttpa, ol de vfiOfiiiKMii duo. 
p. 40. 



Cuvier, torn. I. 
sometimes one pair is wanting, 
sometimes both. 



The red-Uooded animals are 
man, viviparous and oviparous 
quadrupeds, birds, fish, ceta- 
ceous animals, and snakes, &c 



The form of the extremities 
varies acocHrding to the uses to 
which they are to be applied ; 
the anterior extremities being 
hands, or feet, or wings, or 
fins; the posterior, feet or fins. 



U n'y a jamais plus de deux 
paires de mmnbres ; mais elles 
manquent quelquefois Tune ou 
I'autre, ou toutes les deux, ^ 
prennent des formes relative 
aux mouvemens qu'elles doivenjt 
executer. Les membres ante- 
rieurs peuvent etre faits en 
mains, en pieds, en ailes ou en 
nageoires; les posterieurs, en 
pieds ou en nageoires. p. 63. 



The division of vertebrated 
animals includes man, the 
mammalia consisting of vivi- 
parous quadrupeds and the ce- 
tacea, birds, reptiles of all 
kinds, many of which, though 
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Aristotle. 



Spwir6f re jcal rk {^^6Ka r&v rc- 
rpemSdrnVy h'l di Koi rk ^orSica f&v 
rerpair^mv Koi Spvis Koi l)(Bvs Ka\ 
KrJTOs /eai— ^iff.vp. 42, 43. 



Animals of the largest size 
are found among those which 
are red-blooded. All animals 
which hare colourless blood 
are smaUer in size than those 
which have red blood ; with the 
exception of a few marine ani- 
mals, as some of the sepise ^, 

TovTijd biaxf>€p€i rh fUyurra yiwi 
irp6s rh \oiirh r&v SXXmv fcMov, rf 
rk luv tfvaifia rk d* Spcufia flvcu, 
p. 42. Udmra de rk Spaifia iKdrra 
rk fJi^fOrf €(rr\ r&v ivaifiMV {(pcatf' 
ir\^v dXiya tv rj BtiKdrrjj fJL€l(opa 
Spoifid ioTiP, olov r&v fiaXouciW 
ft'ta. p. 9. 



All red-blooded animals have 
the five senses. 



t)(pvra ravras frcScrar {aWBritrfii:), 
p. 100. 



Cuvier, torn. I. 
oviparous, are quadrupeds, and 
fish. 

Subdivision des animaux 
VBRTBBBBs. L'homme — les 
singes, &c. — ^les c^ces — ^les 
oiseaux — tortues ^ — serpens — 
poissons. Tom. i. 67* — ^ii. 351. 



Vertebrated animals, all of 
which have red blood, attain 
to a much larger size than 
those whose blood is colour- 
less. 



C'est parmi eux (les ani- 
maux vertebres) que se trou- 
vent les plus grands des ani- 
maux. p. 62. Le sang est 
toujours rouge, p. 63. 



Vertebrated animals have 
always two eyes, two ears, two 
nostrils, the integuments of 
the tongue and those of the 
whole body. 

Les sens exterieurs sont tou- 
jours deux yeux, deux oreilles, 
deux narines, les t^umens de 
la langue, et ceux de la tota- 
lite du corps, p. 64. 



^ See a curious engraving in Montfort, Hist. Nat. des Mollusques, torn. ii. 
p. 266, representing a gigantic sepia grasping a ship and its rigging. 
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MAMMALIA. 



AristoUe. 
No aaiiiMd wliidi is aot ti. 
▼ipMOQt has breasts : aadercn 
of viviparoiis ammals those 
aalj hare them which produoe 
their young alire at oace, 
without the intenrention of an 



The milk is not, as the 
Uood is, a fluid whidi animah 
possess from their birth, but a 
subsequent secretion; and is 
contained in the breasts. And 
all those animals hare breasts 
whidi are essentially or di- 
rectly Tiviparous ; as man, and 
such quadrupeds as are covered 
with hair; and also cetaceous 
mimals, as the dolphin, the 
seal, and the whale. 

Ov^ r«»r fi^ (foroKovprmf 
(^i fuurro^), o^ rii Cff'^o^ 
Kowra noPTOf aXX* lica dOitt €P 
avroig CfOTOKn ml ftfj tforoKti 
wpm-w. p. 40. Tmv dc 5^<«r 6 
fUp ^cr CforoKtt ?f», ip avrf 
wpifTW iforoKffO'ag, p. 151. A^ 
vypov avfi/(f)vT6v core rdh Cl^9' 

V<FTtp6y€P€9 h€ KSki QWOKMKplfUpOP 

SoFotrw, Stop ipjt hf€aTi, t6 ydka' 

roU fuurrois. fuurrovs d* l^^t Sira 
(<j^OK€i Koi WW avToU Koi I'^o), olop 
Bfra re rplxas tx*h ^cnrtp 3v0p<o» 
iros Koi tmrosy Ktii rh icffrri, olop 
d(\<l>ls Kiii <l>QiHOf Koi (fidKatPa' ical 



Cuvier, torn. I. 

The animals of the ctess 
wuimm^lia are eaaentiaMy vivi* 
parous; inasmuch al a direct 
communication is established 
between the embryo and the 
parent immediately after con- 
ception. 

T%e new-bcnm offiiprii^ m 
nourished lor a time by milk^ 
which is a special and tempo, 
rary secretion from the mam- 
mm; organs, so exdusively pe. 
culiar to this class, as to 
have determined the disdnotive 
ai^Uatioa t m m mMalia . This 
dass indudds all the c<mi.* 
mon viTiparous quadrupeds a 
together with tiie seal, and 
the dol{diin, and other ceta* 



La g^n^timi dans tons lea 
mammif^es est essentielle- 
ment vivipare; c'est-a-dire que 
le foetus, imm^diatement apr^ 
la conception,, descend dans Is 
matrice, enferm^ dans ses en- 
veloppes— qui etablissent entre 
lui et sa m^re une communica- 
tion, d^ott il tire aa nourrittire. 
p. 76, 76. 

Les petits se nourissent p«D» 
dant quelqae temps, apr^ leur 
naissance, d'une liqueur parti- 
culi^e a cette classe (le lait), 
laqueUe est produite par les 
mammelles — qui out valu a 
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Aristotle, 
yiip raura fuunvifs ^€i Koii ydka, 

p. 77. 



Cuvier, torn. I. 
oette daate son lunn de mam- 
wEmB, atteada que lai etant 
exdosiTement propres^ elLes la 
dutingnent mieux qu'aacun 
autre caract^ ext^rieur. p. 
76. De la clasae dea mammi, 
f ^lea sont Thomme^-les singes 
— le oheval — ^les phoques — le 
dauphin — ^les baleines^ &c. p. 
79^284. 



MAN. 



All ai^als wiikh faaiPe liasba 
resemUing those of man^ have 
^ir legs and thighs and hips 
Sparin^y osvered with flesh; 
whereas in man these parts are 
mcHre fleshy than any other. 



Of all anhnafa man has> in 
p t op ortimi to his sise, the larg. 
ei* fandn ; and the smallest in- 
terval between his eyes; and 
the most delicate sense of 
tondi and of taste. 

No animal but man has its 
breasts in the front of the 
dbest; the elephant^ like tiie 
hmnan female, has two breasts> 
but they are placed on the 
side* 

No animal but man has the 
fEumlty of articulate speech; 



• Tbeiamseles which ^ctend 
the foot and thigh of man are 
more pow^ul than those oi 
any other animal: and hence 
the calf of the 1^ is particu- 
luAy prominent* The part 
called the pelvis^ situate be- 
tween the hi^> is alt<^thef 
|»r<^portionaUy larger in man 
thatk in any other aoinud. 
, No quadruped has so large 
a brain as man. His eyes are 
so placed as to be necessarily 
directed only forwards. In 
the delicacy of the sense of 
taste and touch man excels all 
other animals. 

The female breasts are plac- 
ed in front of the chest. 



He possesses an advanti^ 
peculiar to himself in the or- 
A a 4 



AruMle. 
nHiidli ooosste of vowels pfo- 
nounoed by means of the la- 
rynx, and of ocmsonaats form- 
ed by the tongue and lips : the 
dolphin, therefore, which has 
a voice in consequence of its 
possessing lungs, and a larynx, 
cannot articulate, because its 
tongue is not readily move- 
able, and it has no lips. 

ILSvra dc rii Ttrp63nda 6<nMii 
rit aiukii ^€c — leal &rapKa~^im 
d€KaiMaxuk.~^ dc Sw6pmwos rov- 
porr l off' capiMtf yiip ^c o^cd^ 
/iiSkurra rod {rSfiaros rii i^X'^ '^ 
rov£ /ujpovt Koi rii[f of^fjuu. p. 29. 



"Ex^i de (eyKc<^aXoy) amwra 

6fUH»s ^f c Si^ptowos irXcurroy ry- 
K€if>akw, p. 19. T^ d* Sfifiara 
iXaxlarop kotcl fteytBas dUirrrfKtw 

^(rrarrfp SvBpomoi rmv aioBrfO'emv 
T^v afji^v, d€vrfpcaf ^ r^v yevcrty. 

p. 18, 19. 



Cuvier, torn. L 
gans of voice ; for he alone is 
capable o( uttering articulate 
sounds ; a power which appa- 
r^itly depends on the form 
of his mouth, and the great 
flexibility of his lips. 



MoOTOVf d' OVK ^\€l, OvS€V €V T^ 

irp6a'$w dXX* fj StfOpctuw 6 ^ 
IXtKJHK IJifet fidv fuurrovs dvo, dXX' 



Les muscles qui retiennent 
le pied et la cuisse (de lliomme) 
dans I'etat d'extensicm sont 
plus vigoureux (que oeux 
d'aucun mammifere); d'oii r^ 
suite la saillie du mc^let et de 
la fesse — le bassin est plus 
large, p. 82. 

Aucun quadrupede n'ap- 
proche de lui pour la grandeur 
et les replis des hemispheres 
du cerveau. p. 84. Ses deux 
yeux sont diriges en avant ; il 
ne voit point de deux cotes a 
la fois comme beaucoup de 
quadrupedes. La delicatesse 
de I'odorat doit influer sur 
celle du gout> et lliomme doit 
d'ailleurs avoir de I'avantage, 
a cet egard, au moins sur les 
animaux dont la langue est re- 
vetue d'ecailles; enfin, la fi- 
nesse de son tcmcher rdsulte, 
et de celle de ses t^umens, 
&c. p. 85. 

Ses mammelles^ au nombre 
de deux seulement, sont situ^es 
sur la poitrine. p. 88. 
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Aristotle, 
ovK cV r£ arri^i dXXck irp69 rf 
arffOfi, p. 26. 

T^ bi Sfordxa Koi T€TpdTroda 
d^ SKko SKkfiv aKfiiffO'i (fmv^tf, 
bt£ktKTOtf d* ovdev ^etj (iXX* i^toy 
TovT* dpdp^w ioTuf (p. 107.) 
duSXcicroff d* ^ rijs (fxopfjs corl t^ 
yX<&iT27 btapSpcMTK. rh fitv oZv 
ifKovfl^vTa fi ffnavrf xal 6 \dpvy( 
axfiUfauf, rci d* Setfiiova 17 ykSnra 
Koi ra X^^' ^S ^^ ^ btakeierds 
iortp. p. 105. 'A^'ijcrc dc ical 6 
dcX^lff rpiyfiop ecu fiv^ci — eori yap 
rovr^ 0«»inj — dXXa r^v yXwrToy 
ov«e onroXcXv/ici^y (^X^*)* ^^^ X^^*? 
cSoTC ApSpop ri rrjs (fxMnjs iroUip. 

p. 106. 



Cumery torn. I. 



. Lliomme a une preeminence 
particuliere dans les organes 
de sa yoix ; il pent seul arti- 
culer des sons ; la forme de sa 
bonche et la grande mobilite 
de ses levres en sont probable- 
ment les causes, p. 86. 



APES, &c. 



The feet of apes are pecu- 
liar^ and resemble large hands^ 
the toes being like fingers, and 
the under surface of the hind 
foot like the palm of the hand, 
but terminating in a badly 
shaped heel. Hence they often 
use their feet as hands. Their 
arms resemble those of man, 
as also their hands, and fingers, 
and nails ; and they bend their 
extremities in the same direc- 
tion as man does®. The upper 
part of their body Ijeing larger 
than the lower part, as is the 
case with decided quadrupeds; 
and their feet partaking of the 

^ The same is true of quadrupeds 
AristoUe mistook the joint at the heel 



The hind feet of the quad- 
rumana (to which order apes 
belong) have a thumb capable 
of being opposed to the other 
toes, which are as long and as 
flexible as the fingers ; whence 
they are capable of climbing 
well: but they do not easily 
walk, or support themselves in 
an erect position, because their 
pelvis is narrow, and the plane 
of the under surface of their 
feet is not horizontal. 



in general : in most of which, however, 
and wrist, for that of the knee and elbow. 



iGi 
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Aristotle. 
character of hands ; their pel- 
vis moreover being small; they 
are from these joint causes in- 
capable of continuing long in 
an erect position. 

Like man they have two 
mammae on the chest ; and 
their internal anatomy resem- 
bles the human. 



Cuvier, torn. I. 



Some of the apes (iri^ffKoi) 
resemble man in many points^ 
as to their face : for they have 
nostrils and ears; and both 
their front and back teeth not 
much unlike those of man. 

Ol dc iriBriKoi — Iblovs roift fr6^ 
das (lxov<ri)* tM yhp dtop x<W^ 
fuydkai, lud ol dojcrvXoi Sairtp ol 
rmu x^H^9 ^ ntfros fMucp&rctrof, 
Km\ r6 K6r» rov votihs x^^P^ ^ftoiov, 
wkffp iv\ t6 fji^lKos r6 ttjs X^H^ 
in\ rii taxora rtofov, KaBaiir€p 64' 
vapr rovro dc hr Sucpov <nckrfp6T€^ 
pov, leaictts koI dpvdpas ptpovpepoif 
nripmpf, K^xptTm dc roig woaw 
cr* fyj(l>t^, Kol &s X^P^^ '^ ^^ 
wool, ml orvyKidfurTii &nrtp x^ 
pas, ^*Ex<ii dc «al fipaxlovas 
thw€p 3y6pwros, irkrjtf dcurfig' 
Kal icdpiTTii Koi rovTovs Koi r^ 
(TiceXi; Sairtp SvBpomos — irphs dc 
TovTois x<W^ *^^ boKTvkovs Ka\ 
Hmfxas 6f»oU)vs 6y0p^f, irXifv 
irA^ra ravra cirl r6 OripiviUfrrtpov, 



In the character of flieir in- 
testines^ in the- direction of 
their eyes^ and in the position 
of their breasts, tiiey resemMc 
man; and the ttructure of their 
fere-arms and hands enables 
them to imitate us in many of 
their gestures and actions. 

The higher species of apes 
have flat nails ; and teeth 
very much resembling the hu- 
man both in number and ar- 
rangement^ and also in form: 
and they have no tail. 

Les quadrumanes diff^nt 
de notre espece par le oaract^ 
tres-sensible^ que ses pieds de 
derri^re ont les pooces lilurea 
et opposables aux autres doigtSj 
et que les doigts des pieds soot 
loi^ et flexibles comme oeoz 
de la main; aussi toutes lea 
especes grimpent-elles aux ar- 
bres avec facilite^tandis qu'dles 
ne se tiennent et ne mardient 
debout qu'avee peine, kur pied 
ae se posant alors que air le 
tranchant ext^rieur, et leur baa- 
sin ^troit ne favmsant point 
I'^mlibre. p. 100. 
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Aristotk. Cuvier, torn. I. 

T^ d* S^m rov k6t» irokxt nti[<mi 
«X"> Sinrep t6. rerpairoda — kqI 
did T€ Tavra Koi bth^rb rovf 

v6das «x**'' Sfwiovs x*P^^ — ^***" 

TcXf I r6v irXcico xpovov rerpcarow 

hv iulKKov tj 6p$6v Ktd oUt Itrxia 

^i ii£ rerpdvow tif, p. 35, 36. 

T^ d* hrrhs btaiped^vra 6fioui Elles ont touteg des intestins 

Uxowruf dvOpcMT^ ^srdvra r^ rouzu- ass^z semblaUes aux notres, 

TO, p. 36. "Exei If iv T^ (rnf6€i les yeux diriges en avant, les 

dvo Orfkhs fMurr&p fwcp&v, p. 35. mammelles sur la poitrine. p. 

100. La liberte de leurs avant- 
bras et la complication de leurs 
mains leur permett^it a toutes 
beaucoup d'actions et de gestes 
semblables a cenx de Thamme. 
p. 101. 

Les singes— ont a chaqiia 
m^choire quatre dents inci- 
sives droiteSy et a tons les 
doigts des ongles plats; d&xx, 
caracteres qui les rapprochent 
de rbomme plus que les genres 
suivans; leurs molaires n'<»it 
aussi^ comme les notres^ que 
des tubercules mousses, p. 101 • 

THE HEDGEHOG AND PORCUPINE. 



T6 be itpdfroafBov %X!^i iroXX^s 
^poidrriras r^ tov avBpwirov* mi 
yiip pvKT^pas ical cira TrapmrKrfO'ia 
tlx^y '^ obdvTCLS SaiTfp 6 SvBp^* 
was, Kiu Toifg vpoaBiovs xal roitg 
yop4>^cvs, p. 35. 



Porcupines and land-echini^ 
or hedgehogs^ are covered with 
spines^ which are properly to 
be considered in these animals 
as a kind of rigid and indu- 
rated hair ; for these spines do 
not serve the purpose of feet^ 
as they do in sea-echini. 

T/M^WV ydp Ti elbos 6€T€OP KM 

ras oKovB^tis rpixas, oias oi x^p^ 



Hedgeh(^ have their bodies 
covered with quills instead of 
hair ; and so have porcupines. 



Les h^risscms et les pore- 
epics ont le corps convert de 
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Aristotle. 

iSXX' oh wodmf, mawtp ol rSuf Oa- 
Xarrim^. p. 10. 



Cuvier, tmn. I. 
piqaans an liea de pmls. p. 
132et20a 



THE MOLE. 



All Tinparoos anhnalB have 
eyes, except the mole; anderen 
this animal^ although it has 
neither the fumlty of si^t^ 
nor eyes readily visible, can- 
not be said to be altogether 
without eyes; for if its skin be 
taken off, yon may distinguish 
not only the natural situation 
of the eyes, but that black cen- 
tral part o( the eye itself in 
which the pupil is contained ; 
as if these organs had been im- 
perfectly developed, and the 
skin had grown over them. If 
the skin, which is thick, be 
stripped off from the head, 
you may perceive on its inner 
surface, and in the usual re- 
gion, distinct eyes ; which, 
thou^ small and shrunk, as it 
were, have all the essential 
parts of those organs, namely, 
a pupil placed in the centre of 
the black part of the eye, and 
that black part surrounded by 
the white «. 

Z<j^6Ka vatfTa (^xti 6<f>$aKfiov9) 
irX^ dawdkoKos. tovtop di rp6irop 



The eye o£ the mole is so 
small, and so concealed by the 
skin, that for a long time this 
animal was supposed to be 
without eyes. The blind rat- 
mole has no visible trace of ex- 
ternal eyes; but in taking off 
the skin, a very small black 
point is observable, which ap- 
pears to have the organization 
of an eye, without the possibi- 
lity o( being employed as sudi, 
because the skin passes over it 
not only in an entire state, but 
as thick and as closely covered 
with hair as in any other part 
of the fEu^e. This may pro- 
bably be the animal which, ac- 
cording to M. Olivier, gave the 
idea to the ancients of describ- 
ing the mole as totally blind^. 



Son oeil est si petit, et telle- 
ment cadie par le poil, qu'on 



• Kv»>Mrt»f (p. 101.) is evidently synonymous with ktuxiw. (p. 12.) 

* By an examination of AristoUe^s description it is evident that the ancients 
knew the true state of the case, namely, that the mdte has eyes. 
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Aristoile. 

ovK lx€ty. ^<i»r fUp ykp odff 6p^ 

o^^aX/iovff* axjxupedtvTOf dc rov 
^pfuxros r;^€i r^y re x^pfof t&p ofi^ 
Hartiv ical rmp 6<f>$akfM»p ra fukava 
Kork t6p TtJtrov icai rijp \&pa» t^ 
^ati Toif 6(f)B(iKfioU vndpxovo'ap 
h r^ €kt6s, m ip t§ yfyco-ci iny- 
povfUPtdP Koi iwt<fn)0}Upov rov b€p' 
fiOTOS, p. 13. *A(f>(upe$€Pro9 dc 
rov fiepfiaros Sptos vax^os aarh Ttjt 
KetfxOirjs Korh, rrfP X^P^ ^ ^^ 
r&v Sfip/ormp ^anBip tiirip ol ^- 
BakpoX bu^apphnny fravr €\ovT€i 
Ttwrh ra fUpff roU akrjBiPois' 
txowri yap t6 r€ /icXov Koi t6 cp* 
r6s Tov fukapos, rrfP Kokovphnip 
K&priP, Koi t6 KviekAmop. p. 100^ 
101. 



Cuvier, torn. I. 
en a nie long-temps I'existence. 
p. 137* Le rat-taupe aveugle 
— n'a meme point du tout d'oeil 
visible au dehors ; mais quand 
on enleve sa peau^ on trouve 
un tr^petit point noir qui pa- 
rait organise comme un oeil^ 
sans pouToir servir a la vifflon^ 
puisque la peau passe dessus 
sans s'ouvrir ni s'amincir^ et 
sans y avoir moins de poils 
qu'autre part. — II se pourrait^ 
comme le dit M. Olivier, qu'il 
eut donn^ aux anciens Tidee de 
£aire la taupe tout-a-fait aveu- 
gle. p. 201. 



THE BEAR. 



The bear is an omnivorous 
animal, living on various fruits, 
on honey, on ants, and on flesh ; 
attacking not only the smaller 
animals, but even wild boars 
and bulls S. The feet of the 
bear resemble hands ; and for 
a short time this animal can 
walk erect on its two hind 
feet. 

*H y (ipKTos vap/(^ayop iarL 



The bear though so power- 
ful an animal is not disposed 
to feed on flesh, unless wh^i 
compelled by want of other 
food. Bears walk on the whole 
sole of the foot, and are thus 
enabled to raise themselves 
with comparative ease in an 
erect position on their hind 
feet. 

Les ours — ^malgre leur ex- 



9 Its mode of engaging with the bull is thus described by Aristotle : << In 
« engaging the buU, the bear throws itself on its back ; and, while the bull 
^' is attempting to toss it, the bear takes the bull's horns between its paws, 
" and thus overthrows its adversary." 
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Afisiotie. 
mi yhp Kopwiv ^#^/ff— Heal fUki 

tkliL yiip n^ lax^ iwvtiBmt ah 

iypiois ^tv-— MOi rotr ravpoftr* 

looT^ vp6<Jwirov vfrrla Karcminr^ 
mi rov To^ov rV9rr«y iwixtipowh. 
rot TOif /bi^ ppaxloai rii ictpara 
Wtptka^ifititfn, r^ di <TT6fioTi n)y 
ixprnfiiap d€umv<ra leora/SaXXci r^ 
TYtvpoy. PadiC€i ^ hri riva )(p6po9 
aXiyov Koi TOW bvokf irodou' op^« 

p. 224. 



Cuvier, torn* I. 
tr^sie foroe^ ne mangent-ils 
gu^re de «hair que par neoes* 
«t^ Ik qmrchent sur k plasle 
enti^, ee qui kur dofme plus 
de faciUte p<mr se dresser ^o- 
kurs pieds de denri^re. p. 141* 



THE SEAL. 



The seal brings forth its 
young on shore^ but passes 
most of its time in the sea^ and 
derives its nourishment from 
thence. With respect to its 
extremities, it may be consi- 
dered as an imperfect quadru- 
ped; for immediately in suc- 
cession to its shoulder blades 
it has ^set resembling hands^; 
and on eadi foot are five toes> 
and esdi toe has three joints : 
&e hind feet in their shape 
ros^nble the tail (^ a fish. All 
the teeth of the seal are shcop 
and pointed^ as indicating the 
i^roximation of their nature 
to fish ; almost all fish having 
teeth of that character. The 
seal has a cloven tongue. 



The feet of the seal are so 
shorty and so enveloped in the 
skin, that on land they cmly 
serve them for crawling ; but, 
as the interstices of the toes 
are filled up with membrane, 
they act as excellent oars ; and 
hence these animak pass the 
greater part of the»r life in the 
sea, only c<Hning to had for 
the purpose t>f basking in the 
sun mid suckling their cubs* 
They have five .toes on eadi of 
t^eir feet: skd o& the kind 
feet the outermost and inner* 
most are longest, the intenne- 
diate being shortest. All (heir 
teeth have either pointed or 
cutting edges. Their tongue 
k indented at the extremity. 



^ From the shortneM of the arm and £Ni&4u*m in tiiis animal, Aristotle 
overlooked these parts. 
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Aristotle. 
'H dc ^ i oy Wwci €P T§ yi 
^utrpififi a rod xp^^'^^'v rh^ 
wokinf Kok rp^^erM cic rfjg BakoT' 
rifs. p. 167» 168. 'H di ^^07 
JUnrtp vtvfipmfUvoy iarl nrpd^ 
snvr cv^ff yhp c^^i ficr^ r^v 
tf&^AOirXan^p roi>s v6da9 S/ioimft 
X^^"' — vtPTaddKTvkoi ydp tUn, 
jBol ^fKoarot Tm¥ hcamiknof KOfimiu 
Hx^ r/3«i»-^-oi y oirla-dunr^'-rf 
0yrii»aTt vapatrkrfO'iM reus rvm Ix" 
0vwf ovpaif tlcL p. 27* KapX"^* 
p6dovw i&rl ircuTi roic ddovaoff 
its eirakkarrovau r^ ymi rSnf 
Ix^vcty' ol yhp IxOves vdyrts crxt" 
^ Kapxap6dc9fr€S tl<rw, p. 33. 
^Ex^i de-^^rxttriUmpf r^y yXUfrraw. 
p- 48. 



Cuvier, torn. I. 
Leois pieds sont si courts, at 
tellement eiiTeloppes dans la 
peau> qu'ils ne peuv^it, sur 
tenre, leur servir qu'a raznpar ; 
mais comme les intervalles det 
doigts y sont remplis par des 
membranes^ ce sont des rames 
excellentes ; ausd ces animanx 
passent-ils la plus grande partie 
de leur vie dans la mer^ et ne 
viennent a terre que pour se 
reposer au soleil^ et allaiter 
leurs petits. p. 163, 164. Les 
phoques ont-— cinq doigts a 
tons les pieds — ^au pieds de 
derri^e, le pouce et le petit 
doigt sont les {dns loi^, et les 
intermediaires les plus courts. 
Toutes les dents «ont tranchan* 
tes ou coniques. p. 164. Leur 
langoe est lisse, et echanefife 
an botit. p. 166. 



THE ELEPHANT. 



1^ elephant has five toes 
on each foot; though the joints 
oi these are not very distinct. 
It has four teeth on each side 
of its mouth, with which it tri- 
turates its food, and makes it 
as smooth as bran : and besides 
these it has two very large 
teeth. It has a long and power, 
ful proboscis, which it uses as a 
hand; for with this organ it 
takes up and conveys to its 
mouth both solid and liquid 
food. Its intestines have ap- 



Elephants have on each foot 
five toes, very well defined in 
the skeleton, but so imbedded 
in the callous skin enveloping 
the ^Dot that they caii only be 
recognised externally by their 
nails, which are attadied to the 
edge of this hoof as it were* 
They have two tusks, which 
sometimes grow to an enor- 
mous size ; and either four or 
eight grinding teeth on each 
side, according to the periods 
of their developement. The 
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Aristotle. 
pendages^ presenting the i^ 
pearanoe of four stomachs: 
and it has two mammse placed 
by the side of the chesty near 
the axillae. The cub of the ele- 
phant sucks with its mouthy 
and not with its proboscis. 



"Eoti 8c ir€VTaddKTv\ov (6 cXc- 
<l>asy — TO, T€ frcpi TOVS boKTifkovs 
abtapBpiOT&rtpa l^ci tS>v irob&tf» 
p. 25. 'O d' i\€<f>as 6b6vTas fup 
tlx^i reTTftpas €(f> emrepa, ois kot- 
€pyd(€Tcu rifv rpo<fniv (Xcotyct d' 
Sairep KpifUfCL), x^P^^ ^^ tovt&p 
SKKovs bvo Toxfs fi€yaXovs, p. 34. 
Tols be i\€<l>cunv 6 fjLVKrfjp yivercu, 
fiwcpbs Koi iirxypos, Koi x/^^roi au- 
r^ ^airep x^'P^* vpo(rdy€Tai t€ 
yhp Ka\ Xapfiavti tovt^ kcu tls t6 
ar6fjM irpoaifHptTcu rffv rpoff>riv, icai 
rrpf vypav Koi rijp (flpop, fjidvop 
T&v (iifWf. p. 14. *0 de iK€(fias 
tvT€pov tfxfi avfi<l)vo-€ts ^X^^9 mart 
<fKUVt<r6ai rerrapas Kotkias ^X^^« 
p. 47. *Ex€t 8c TOVS fiaarovs 
dvo TTcpi ras fiatrxoXas — ovk iv r^ 
irrrf3€i aXXh irphs r^ arrjOei, p. 
30. et 26. 'O dc trKVfivos &ray 
yivrfrcu, BrjKa(,€i r^ (rrSp.ari Koi ov 
T^ pvKTTJpi, p. 191. 



Cuvier, Umi, I. 
proboscis, . terminating in . an 
appendage like a finger^ gives 
to the el^hant a d^ree of ad- 
dress equal to that which the 
hand of the ape imparts .to 
that animal. The elephant 
uses this proboscis for the pur- 
pose of conveying solid food 
or pumping up liquids into its 
mouth. The intestines of the 
elephant are voluminous; it 
has two mammae placed under 
the breast, and its cub sucka 
with the mouthy and not with 
the trunk. 

(Les elephans) ont cinq 
doigts a tons les pieds^ bien 
complets dans le squelette> 
mais tellement encroutes dans 
la peau calleuse qui entoure le 
pied^ qu'ils n'apparaissent au 
dehors que par les ongles at- 
taches sur le bord de cette esp^ 
de sabot, p. 228, 229. Deux 
defenses qui sortent de la 
bouche et prennent souvent 
un accroissement enorme. p. 
229. Tantot une^ tantot deux 
mlUsheli^es de chaque cot^ 
quatre ou huit en tout, selon 
les epoques. p. 231. Une 
trompe cylindrique — terminee 
par un appendice en forme 
de doigt— donne a Telephant 
presque autant d'adresse que 
la perfection de la main pent 
en donner au singe. II s'^ 
sert pour saisir tout ce qu'il 
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ArUtotle. 
Camper says that in almost 
all points the anatomy of the 
elephant is correctly repre- 
sented by Aristotle; the ap- 
parent inconsistencies arising 
from his having dissected a 
young elephant. Tom. ii. p. 
205, &c. 



Cuvier, torn. I. 
veut porter a sa bouche et 
pour pomper sa boisson. p. 
229. Les intestins sont tr^- 
volnmineux — ^les mamelles, au 
nombre de deux seulement, 
placees sous la poitrine. Le 
petit tette avec la bouche et 
non avec la trompe. p. 230. 



RUMINATING ANIMALS. 



All viviparous quadrupeds 
which have horns are without 
the front teeth in the upper 
jaw; and some indeed which 
have no horns have the same 
defect with respect to the 
teeth, as the camel. 

Of viviparous quadrupeds 
some are doven-footed and 
have hoo£s instead of claws, as 
the ox, sheep, goat, and deer. 
The same animals have four 
stomachs, and are said to ru- 
minate. 



With the exception of the 
deer, all ruminating anunals 
have horns which are partly 
hollow, and partly solid; the 
hollow part grows out of the 
skin, of which it is indeed^ 
continuation ; but that part 
round which this hollow is 
fitted is solid, and grows out 
of the bone ; as in oxen. 

The horns of most animals 



With the exception of the 
camel and the musk, all the 
animals of this order have 
horns ; and all are without 
front teeth in the upper jaw. 



The feet terminate in two 
toes, each of which is covered 
with a separate hoof, and is 
opposed to its fellow by a flat 
surface; from whence they are 
called doven-footed. The ani. 
mals of this order are called 
ruminating; and have always 
four stomachs. 

The structure of the horns 
differs in different species. In 
some the solid osseous part 
which projects from the frontal 
bone is covered with a hollow 
case, which grows over it from 
the skin, as in oxen, sheep,* 
and goats. 
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Aristotle. 
are> in their form^ simple^ and 
are hollow^ except at their ex- 
tremity ; the horns of the deer 
alone are in their form arbo- 
rescent ; and^ in their sub- 
stance^ solid throughout. 

The deer alone^ from the 
age of two years^ sheds its 
horns annually; the horns of 
other animals are permanent^ 
unless separated by violence. 
Deer at the age of one year 
have merely the rudiments of 
horns^ short sprouts,* as it were^ 
covered with downy skin. At 
the age of two years they de- 
velope straight horns like 
wooden pegs; and are hence 
called at that period iroTrdkiai, 

At three years their horns 
have two branches; at four 
years^ more ; and in this way 
the number of branches in- 
creases till the animal is six 
years old; after which the 
number is not increased. 

The horn at first grows as it 
were in the skin, and has a soft 
villous covering; and after it 
has attained its ftill growth 
the animal exposes itself to 
the sun, in order to ripen and 
dry up this covering. 

Terpafiroda hKUfia kcH (t^dKa 
"^Baafup tori K€paT0<l>6pa, odic 
dfKl}^ovTd cariv ov yhp ?x^i rovs 
irpo(r6iovs im ttjs Sv<o <nay6vo$. 



Cuvier, tom. I. 



In the various species of 
deer the osseous projections are 
covered, during their growth, 
with skin resembling that of 
the rest of the head. This skin 
subsequently perishes, leaving 
the osseous horn uncovered; 
and, after a time, the horns 
themselves are shed; and are 
succeeded by others which are 
usually larger than the preced- 
ing ; and these again are shed 
in their turn and replaced by 
others. 

The figure of the horn in 
deer varies according to the 
age and species of the animal. 



Les Itiminans— ont I'air d'etre 
presque tons construits sur le 
meme modMe, et les chameaux 
seuls pr&entent quelques pe- 
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Aristotle. 
eoTi d* hfia ovK afKftw^oirra kcH 
cLKipara, olov KdfirjXos, p. 32. 



T&v di T€Tpoar6h<av Koi ofcufuov 

Koi dvrl T&p ovvxaiv xi^^^ ^X**» 
aairep Trp6paTov Koi dt^ Koi €Ka<l)os 
KOi Povs, p. 29. 



Koi T€TTapas ^xei dvofwias icoi- 
Xias' a brj koi Xeyeroi firjpvKdi€iv, 
p. 46. 



T&v b ix6vT<iiiV K€pas 8i okov 
fi€V €X€i orepc^y fidvov €Xa(f)os, ra 
5' SXXa KotXa fJ^xpi tw6s, rh d* 

ttrxOTOV <TT€p€6v. t6 fl€V fjZv Koi" 
\oy €K TOV dcpfiOTOS 7rt(fjVK€ floX- 

\oy' irepl de [6]i tovto irepirip' 
fio<TTM t6 arr€p€6v €k tS>v 6<rrS>Vy 
olov ra Kcpara rav ^av, p. 30. 
T&v dc Kepdroiv rh fUv nkclara 



Cuvier, torn. I. 
tites exceptions aux caract^res 
communs. Le premier de ces 
caract^res est de n'avoir d'inci- 
sives qu'a la m^choire infe- 
rieure. p. 246. Tout le reste 
des ruminans (excepte les cha- 
meaux^ &c.) a^ au moins dans 
le sexe m^le^ deux comes, 
c'est-k-dire, deux pro^minen. 
ces plus ou moins longues des 
OS frontaux. p. 252. 

Les quatre pieds sont ter- 
ming par deux doigts et par 
deux sabots, qui se regardent 
par une face aplatie, en sorte 
qu'ils ont Tair d'un sabot 
unique, qui aurait et^ fendu. 
p. 246. 

Le nom de ruminans indique 
la propri^t^ singuli^e de ces 
animaux, de m^cher une se. 
conde fois les alimens — ^pro- 
pri^t^ qui tient k la structure 
de leurs estomacs. lis en ont 
toujours quatre. p. 247. 

Dans le genre des boeufs, &c. 
les comes sont revalues d'un 
^tui— on donne en particulier 
le nom de corne k la substance 
de cet etui, et lui-m^me porte 
celui de corne creuse, p. 252. 
Dans le genre des cerfs, les pro- 
eminences cou vertes pendant un 
temps d'une peau velue comme 



» There cfjn be no doubt from the stnicture of the horns of oxen, &c that 
the relative {J) ought to be retained ; and the ro zoTxov U tou yt^fMcreg is evi- 
dently opposed to the W a-rt^if ix rm o^rif. But the question is quite settled 
by the foUowing passage from p. 67, rSf K »f^r«y, «. r. x. 
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Aristotle, 
KoTkd €<mv air6 ttJ9 vpo<nPv<r€tM 
W€pl t6 hrrhs iKrretfnfKbs ^k T^ff ic€- 
(fxiXSjs ooTovp, «r Sxpov d* ?x** ^^ 
aT€p€6y, Koi tariv atrka' rh di 
T&¥ iXdffxny fi&va hC Skov ortpeiL Koi 
iroXvox^d^* p» 67>68. 'Al^o^dXX€4 
dc t6, lupara fi6vov TkaxfMS kot 
tros, dp^dfuvot 6ir6 dierovs, Kai 
fraXiy <f>v€i' rb. d* SXXa irvv^xSiS 
?X'<, ihf fiff ri jStg vjjp»$S» P* ^* 
02 fi€P aZv hfuxwrioi ov (fivovtri icc- 
para, vk^ S<nr€p aijfitiov x^^ 
dpxfjt^ TOHi* T€nfTO y carl fipaxjo 
Ksii baav, <f>vov<ri bi di€T€ls irpmrov 
rh. Kepara cv^ea, tca^airep TromS- 
\ovs* di6 Koi icaXovo-i t6t( ircerra' 
\las avrovs, T^ dc r/>ir^ ^ci 
dlKpovp (fwovci, T^' de rerdpT^ 
Tpaxyrepov Koi tovtov r6v Tp6nov 
del c7rtdid($a(rft fi€;(/M c^ er&v. airh 
TOVTOV bk ofioia del dva<f>vov(riv, 
p. 258. Ta de K€para (f>v€T(U 
wtnrep iv bipyMTt Th np&Tov, Koi 
yipovTcu baxria* Srav d' av^BSxrip, 
ffkidCovTU, iv ^/are^rcMTi koi (rjpd' 
v<a<ri t6 K€pag. p. 259. 



Cuvier, torn. I. 
cdle du reste de la t^^ bat k 
leur base un annean de taber- 
coles osseux^ qui^ en grcNssis- 
sant^ compriment et oblit^ent 
les vaisseaux nomrissiers de 
cette pean. Elle se dess^e 
et est enlevee; la pro^minenoe 
ossense mise k nu^ se s^pare 
au bout de quelque temps da 
cr^e auqnel elle tenait; elle 
tombe^ et ranimal demenre 
sans armes. Mais il ltd «i re- 
pousse bientot de nouvellei, 
d'ordinaire plus grandes que 
les preoedentes^ et destinees k 
subir les m^mes revolaticms. 
Ces comes^purement osseuses^ 
et sujettes k des changemens 
p^odiques, portent le nom de 
bois, p. 253. La figure de oe 
bois varie beaucoup — selon 
Tsige. p. 254. 



CETACEOUS ANIMALS. 



The dolphin and whale and 
other cetaceous animals, which 
have not gills, but a tube for 
conveying away the sea-water 
received into their mouth, are 
viviparous; and they respire 
air, for they have lungs : and 
hence, if caught in a net, and 
unable to come to the surface 



Cetaceous animals remain 
constantly in the water;, bat, 
as they respire by means of 
lungs, they are obliged to come 
often to the sur&u^ for air. p. 
272. The ordinary cetacea 
possess a remarkable appara- 
tus, from which they are called 
blowers, by means of which 
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Arutolle. 
fi»r Ae purpose of breathing, 
they are suffocatecL 



The dolphin utters a kind 
of murmur when it is in the 
air; for it has a voice^ inas* 
much as it has lungs^ and an 
air-tube leading to them ; but 
having no lips^ and its tongue 
being not sufficiently moveable^ 
it is unable to utter an articu- 
late sound. 

The dolphin has mamme^ 
not placed in the anterior part 
of the body^ but near the vent. 

The mildness and docility 
of the dolphin are remarkable. 



These fish swim in large 
flocks^ and their swiftness is 
so remarkable that they have 
been known to spring over the 
decks of ships. 



The cetaceous animal called 
mysticetus has no teeth^ but 
hairs instead^ like hogs' bris- 
tles. 



Cuvier, tom. I. 
they discharge through their 
nostrils a large volume of water 
which they take into their 
mouth with their food. p. 
275. 

They have no prominent la- 
minse in their glottis ; and 
hence their voice is nothing 
more than a simple lowing, 
p. 276. 



dXXcb tfjwnjriipa, CforoKOvtruf, 'Av-. 



Their mammie are placed 
near the vent. p. 276. 

The general organization of 
the dolphin's brain shews that 
it possesses the docility usually 
attributed to it. p. 278. 

The conmion dolphin^ which 
is found in large flocks in every 
sea^ and is remarkable for its 
swiftness of motion^ so that it 
occasionally darts over the 
decks of shipsj appears evi- 
dently to be the dolphin of 
the ancients, p. 278. 

The upper jaw of the balen» 
is furnished with thin trans- 
verse laminse closely set^ form- 
ed of a kind of fibrous horn 
terminating in a bristly fringe 
at the border, p. 284. 

Les c^tac^ se tiennent oon- 
stamment dans les eaux ; mais 
comme ils respirent par des 
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APPENDIX. 



Aristotle, 
oirvci d€ nditra Sea tx^i <l>va7fTfjpa, 
Koi bixPftu t6¥ aipa' nkevfMim 
yhp txowtw, p. 167* Ai6 Ka\ \afi^ 
Pap6fuvos 6 d€k<f>\s iv rois biicrvots 
chronviytTcu ra;(ca»£ dtii t6 fjJf dtfcu 
irwiip, p. 215. 



*A<l>lrfin dc Koi 6 beXfjAs rpiyfib^ 
Koi fivC^h oTcof efcX^, cV r^ dtpi 
— tori yhp Tovry ffxoprf tfx^t yap 
Koi irXevfiova xal dprrjploPf dXX^ 
rifP yX&rrap oihc airoXtXvjUvrjy 
ovbt X*^*? ***"■* ilpBpoy Ti rfjs <^«- 
prjs vomp, p. 106. 

'O beXtfAs ?x^i fMUJTOvs bvo, ovk 
Spa d* aXXa vXrftrUiP r&v apSpav, 

p. 40. 

T&v 8e BfxXaxnrmv liXticrra Xc- 
ycrat ariiUia ntpl roifs ^X<lHvas 
irpa/6frrjTos koL fip^p6TrjTos, p. 301 . 



"Hbrf y wirrai b€X<l)ivo>v /*€- 
yaXav ayiXrj afia Koi fUKp&v,' 
Atyerai dc Koi Trtpl Taxynjros 
STTiara rov f<o»ov* airoamov yhp 
hoKti ehcu C<^v rdx^frrov, kcu t&v 



Cuvier, torn. I. 
poumons^ ils sont obliges de 
revenir souvent k la surface 
pour y prendre de I'air. p. 272. 
Les c^tac^ ordinaires se dis- 
tinguent par I'appareil singu- 
lier qui leur a valu le nom 
commun de souffleurs. Cest 
qu'engloutiBsant^ avec leur 
proie, de grands volumes 
d'eau, il leur £allait une voie 
pour s'en d^barrasser ; elle 
s'amasse dans un sac plac^ k 
Torifice ext^rieur de la cavit^ 
du nez^ d'ou elle est chass^ 
avec violence— au travers d'une 
ouverture perc^ au.dessu8 de 
la tfite. p. 275, 276. 

U n'y a point de lames sail- 
lantes dans leur glotte^ et leur 
voix doit se r^uire ^ de sim- 
ples mugissemens. p. 276. 



Leurs mamelles sont pr^ 
de I'anus. p. 276. 

Toute Torganisation de son 
cerveau annonce que le dau- 
phin ne doit pas ^tre d^pourvu 
de la docilit^ que les anciens 
lui attribuaient. p. 278. 

Get animal^ repandu en 
grandes troupes dans toutes 
les mers, et c^l^bre par la v^- 
locit^ de son mouvement^ qui 
le feit s'^lancer quelquefois sur 
le tillac des navires^ parait r^- 
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Aristotle, Cuvier, torn. I. 

vntpoKKovrai dc ifkoioiv fi€ydko>v ellement avoir ^t^ le dauphin 
larovs, p. 302. des anciens. p. 278. 

"Ert dc xac o fivs t6 lajros 6d6v- La mdchoire sup^rieure — a 
Tos fi^p €v T^ <rT6fWTi ovK l^^fc^ 868 dcux cot^s gamis de lames 
Tpixas dc SfjLoias Mais. p. 72. transverses miiice8 et serr^es^ 

— ^form^es d'une esp^ de 
come fibreuse^ effilees k leur 
bord. p. 284. 

From the preceding comparison it appears that, with re- 
spect to those points in the history of animals, the knowledge 
of which was equally accessible to both writers, the descrip- 
tions of Aristotle are hardly inferior in accuracy to those of 
Cuvier. Nor does this observation hold with reference to 
the more common animals only: it is equally remarkable 
with reference to those which are of comparative rarity ; in 
support of which assertion I would refer, among other in- 
stances, to the description of the sepia, and of the chameleon, 
and of the evolution of the egg of the bird during incuba- 
tion. But I have perhaps already extended this compa- 
rison too far, and will therefore here conclude. 



ERRATA. 

p. 225. L 22. far medidal read medicinal 
P. 232. L 5. dele the founder of 

P. 258. note, 1. 1. far Ammon or Hammon, which is the name read 
Ammon, an ancient name 
P. 343. 1. 7. for restoration read restorative 
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